
PREFACE 



. w' This book is written for men of the Navy and of the Naval 
I 1 Reserve who are studying for advancement to the rates of 
i " I ^ Metalsmith 3 AND 2. Combined with the necessary ;praetid^ ' 

; < ... * experience, the information in this training coiffSW will prepatg" ; 
l' the reader for advancement in rating examinations. 4 

The first chapter of this book contains general information 
fv concerning the work and responsibilities of the Metalsmi til, a 
I# Brief discussion of the Metalsmith’s place in Naval organizati^#;-'*^’ 
■ :.|b and references to a valuable supply of source material. Follow- « 
' , M ing chapters are concerned with tools, equipment, and materials 
used in the Metalsmith’s work; heat-treating; metal te^in^; ' 
soldering; brazing; oxyacetylene and arc welding and cutting; ' 
^ sheet metal measurement, laygq^ and fabrication.-, and. black- 
' ■ , '» * smith work and forging. Chapter 13 includes damage control, 
watertight integrity, and fire fighting. The la 

reports, and a discussion of the importance Ol safety 
sJta in hand and machine processes in the MStalsmlth’s'wbrk. 

' -■ m Navy Training Courses, this book represents 

' he joint endeavor of the Navy Training Publications Center of 
i’-t ' lpi^he Bureau of Naval Personnel, and personnel of the Naval 
stablishments specially cognizant of the duties of a Metalsmith. 
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STUDY GUIDE 


The table below indicates which chapters of this book apply to your 
rating. To use the table, follow these rules: 

1. Select the column which applies to your rating. If you are in the 

Regular Navy you will use the column headed “ME” which is the 
general service rating. If you are a member of the Naval Reserve 
you will use the column headed by your particular emergency service 
■ ' rating -- MEG, MES, MEB, or MEW. 

2. Observe which chapters have been marked in your rating column with 

the number of the rate to which you are seeking advancement. 

3. Study those particular chapters. They include information which will 

assist you in meeting the qualifications for your rating. (See Appen- 
dix X of this book for a complete list of qualifications for advancement 
in rating.) In order to gain a well-rounded view of the duties of the 
general service rating, it is recommended that you read the other 
chapters of this book even though they do not pertain directly to 
your rating. 

4. Here is an example: If you are a member of the Naval Reserve studying 

for advancement in rating to Metalsmith B (Blacksmith) third you 
will select the column headed MEB. Following this column down 
you will observe that you must study chapters 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, 13, 14, 15. 
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CHAPTER 1 

THE METALSMiTH’S WORK 

GET THE WORD 

You’ve gazed from a porthole at the receding shoreline and 
seen the familiar landmarks of the world you know slip over the 

horizon. And you have gazed from that same porthole far at sea. 

You didn’t see much perhaps, but look again. Take a look at 
c the porthole itself. That porthole is one of the smoothest pieces 
of metalwork you’ve ever seen. Look at that hull— she’s a good 
ship. She’ll take a squall or an engagement in her stride. You 
know that the world that you signed on to see is not framed by 
that porthole but is right here aboard. The men you know, and 
the work you do, make that world. The work is mighty impor- 
. tant to you and the crew. For you it has to be interesting and 
for the crew it, has to be good. The captain on the bridge, the 
™ galley, the Quartermaster at the wheel— all have 
"■-‘interesting and important jobs. The Metalsmith’s job is just 
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as interesting and important. That’s the job you have picked 
out for yourself. .. 

Here it is! If there is a locker to be made, a ventilation duct 
to be repaired, a hatch to be opened, or a shot-away bow to be • 
replaced— you are it. '‘if 





Damaged bow of the U. S. S. O’Bannon. 


Your side arms are mallets, stakes, snips, brakes, and torches- 
your ammunition is tin, copper, aluminum, iron, and steel’ 

Si's 'means tH’ fabricate! 

fo? a I^r f f ^ '“fewest, calling 

for a lot of special skills and know-how. ® 

This book IS written to guide you in your study— it cannot 

make aji expert of yo„. Th.t cm, be done by you and you 

Yo, ,v,n have to get your lunde on the tools L the meteb .„d 

your:„!“k.;rhen“tryT»t “ 

to the old "dogs.” Grt the worf! *’ 


2 


MAN YOUR STATION 


Aboard ship your working station is ordinarily a shop located 
somewhere in the machinery spaces. The size of the shop and 
the amount of equipment it contains depend largely on the size 
of the ship. If you are on a destroyer, you may have only a 
locker and a tool box, and you'll do your work in any available 
space. On a light cruiser, you'll have a small shop or share a 
shop with other crew members of your department. On a large 
cruiser, aircraft carrier, battleship, transport, repair ship, or 
tender, you'll have more space in which to work. Plenty of 
equipment is available. 

On the larger ships your work is directed and supervised by 
First Class and Chief Metalsmiths. On smaller ships you're 
pretty much on your own. 

Many Metalsmiths are stationed at shore establishments, 
either in the States or at advanced bases; others are assigned to 
repair ships, to special ship repair units, or to amphibious units 
which repair landing craft. 

RATINGS 

Metalsmiths are classified into general service ratings 
and EMERGENCY SERVICE RATINGS. If you are on duty in peace 
time, you will be General Service; General Service is designated 
(ME), Eating Code 520. If you are in\ the Reserve (either the 
Organized Reserve, Fleet Reserve, or V\olunteer Reserve), you 
will come under one of the Emergency Service Ratings. Emer- 
gency Ratings are designated MEG-521, MES-522, MEB-523, 
and MEW-524. In the event of war or the declaration of a 
national emergency, all hands will be assigned to one of the 
Emergency Service Ratings. Any new men recruited under 
those conditions will likewise be assigned one of the Emergency 
Service Ratings. 

General Service Metalsmiths (ME) must have all of the qual- 
ifications of men who hold Emergency Service Ratings. Speci- 
fically, the3*must be qualified to lay out j fabricate, and repair 
metal structures, both light and heavy gage. As an ME-520, 
General Service Eating, you will make repairs involving weld- 
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ing, rivetingj and calking of decks, structures and hulls. You 
will work plate and sheet metal . You will do hot and cold ^ ^ 
forming and heat-treating of metal. You'll belong to a damage 
control party in which you'll be required to do patching or ‘y* ' 

repairing of leaks in the hull, tanks, or bulkheads. You’ll make 
air tests, and check watertight integrity. In fact, there isn’t 
much in the whole field of metal work that you will miss. 

Metalsmiths G (MEG-521) make repairs involving -welding, 
brazing, drilling, riveting, and calking of decks, hulls, bulk- 
heads, and tanks. They make templates, and use shop, hand, 
and power-driven tools. MEG's check watertight integrity by 
making air tests of doors, hatches, ports, manholes, and tanks. 

Metalsmiths S (MES-522) fabricate and repair sheet metal 
and light plate structures. They lay out, shear, rivet, weld, 
braze, tin, and solder sheet metal. They use hand-operated, 
power driven, and shop tools. Personnel classified MES are 
assigned to the CB’s and to Ship Repair Units. 

Metalsmiths B (MEB-523) forge, heat-treat, case-harden, and 
forge-weld metals. They also fabricate band tools, metal 
shapes, structural members, hooks, shackles, and brackets. 

They operate furnaces and forges. MEB’s are assigned to CB 
and ship repair activities. 

Metalsmiths W (MEW-524) are expected to perform all weld- 
ing operations with high skill, using both gas and electric equip- 
ment. MEW’s are assigned to CB and ship repair activities. 

SHIPBOARD ORGANIZATION 

Ships of steel. Gear and equipment made of such metals as 
iron, copper, steel, tin, aluminum, and brass. That’s what 
you’ll find today. Even the mess tables are made of steel — 
stainless steel. Ships and their equipment must be repaired 
and maintained. That’s where you fit into the work picture. 

But do you know how you fit into the organization of your ship 
and the Navy? Take a look at figure 2 and find yourself on the 
chart. 

You are in the Repair (R) Division. Notice that alongside 
you are Machinery Repairmen, Damage Controlmen, Pipe . 
Fitters, and other skilled ratings. On small ships you will be 




TYPICAL TYPE ORGANIZATION OF ENGINEER DEPARTMENTS 
ON BOARD SHIPS 













working with these ratings in the same general repair shop. 
On large ships, or on shore stations, you will be working with 
other Metalsmiths in a shop of your own. 

There are generally two divisions under the damage control 
officer : Your division and the Auxiliary (A) Division . Sections of 
Machinists Mates in the (A) Division handle refrigeration and air 
conditioning, elevators and cranes, and anchor engines. The 
compressed air system and a part of the fresh water system are 
also handled by the (A) Division. Part of the heat and ventila- 
tion system is maintained by the (A) Division; the rest of it is 
maintained by the Boiler (B) and the Machinery (M) Divisions. 

The (B) and (M) Divisions are under the main propulsion 
officer who, like your damage control cfficer, is an assistant 
to the engineer cfficer. On ships that have boilers, main and 
auxiliary engines in one space, the (M) and (B) Divisions may be 
combined into one Propulsion Division. 

The other two divisions on large ships are the Electrical (E) 
and the Electronics Eepair (L) Divisions. Each of these is 
under an officer who is an assistant to the engineer officer. On 
small ships they may be combined under one assistant. 

The Engineer Department is headed by the engineer cfficer. 
His organization is so flexible that he may assign overlapping 
duties to get a job done. The smaller the ship, the more over- 
lapping the duties will be. 

In short, the functions of the Engineer Department are: 

1. The operation and maintenance of the ship’s machinery. 

2. Damage control. 

3. Hull and machinery repair. 

4. Electronic repair. 

5. Power, light, and water repair and maintenance. 

6. Cleanliness and upkeep of spaces assigned Engineer De- 
partment, including underwater fittings. 

The other departments of your ship are the Gunnery (or Deck) 
Department, the Operations Department, the Supply Depart- 
ment, and the Medical Department. 

The Gunnery (or Deck) Department is headed by the gun- 
nery officer on combatant ships and by the first lieutenant 
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on -noncombatant ships. This department handles the opera- 
tion, maintenance and repair of armament, and the personnel 
and equipment connected with deck seamanship. 

The Operations Department is responsible for navigation 
and piloting. Combat information, intelligence, and oper- 
ational evaluation and planning are also the business of the 
Operations Department. In other words, this is the department 
that gets information about the enemy and plans the best 
method of attacking him . 

T^ Medical Department performs a very necessary part of 
the operation of your ship by treating the sick and wounded, 
and by providing dental care. The health, sanitation, and 
hygiene of the ship is in its hands. 

The Supply Department procures, issues, and accounts for 
general stores, small stores, ship^s stores, and provisions. This 
department is also responsible for the preparation and serving 
of your chow. 

If you are aboard a repair ship or tender, you will have a 
Repair Departrhent headed by a repair officer. This depart- 
ment services other ships, prepares repair schedules and makes 
repairs whenever necessary. 

On aircraft carriers and seaplane tenders there is an Air 
department headed by an air officer. This department is 
responsible for launching, landing, and handling operations of 
its own aircraft. It also maintains and repairs its aircraft. 
The handling of aviation fuels and explosives is also the job of 
this department. 

Each department is responsible for the cleanliness and up- 
keep of its own assigned spaces. 

The executive officer is second in command on your ship. 
The departments work directly under him. He supervises all 
departments and sees that they all work together to carry out 
the assigned task or mission. 

The commanding officer is responsible for the operation and 
maintenance of the whole ship's many detailed functions, as 
well as for the welfare of the crew. He has a lot of responsibility 
and, therefore, a lot of authority. 

As a petty officer, you are the representative of the division 
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officer. Yon will be called upon to carry out his orders faith- 
fully and fully. In order to do this job well, you must under- 
stand the organization of your ship thoroughly. It may differ 
in detail from the typical organization but basically it is the 
same. Get the organization of your own ship •well in mind and 
discover just where it fits into the picture of the organization 
of the Navy. 

YOUR SHIP AND THE NAVY 

Your ship, cruising about in the Pacific or the Atlantic, could 
accomplish little if it were not a part of a well-laid plan. In 
spite of all the ships the Navy has, little could be accomplished 
if they were not part of a large organization with a centralized 
command. During World War II we discovered the necessity 
of combining all our military efforts under central direction. 
That is why the Military Establishment was set up. The Navy, 
the Army, and the Air Force are combined under the Secretary 
of Defense who is next in command to the President of the 
United States. 

Under the Secretary of Defense are the Secretaries of Navy, 
Army, and Air Force. Serving directly under the Secretary of 
Navy is the Chief of Naval Operations (CNO). Military com- 
mand and policy control stem from the President of the United 
States and are handed down through the Secretaries and the 
Joint Chiefs of Staff to CNO. The Chief of Naval Operations is 
responsible for the Operating Forces which include the Pacific 
Fleet, the Atlantic Fleet, the Naval Forces Europe, and the 
Sea Frontiers. He is also in command of the district command- 
ants in charge of the Shore Establishments. 

For tactical or administrative command, your ship will 
operate in one or more of the following classifications : 

A Unit — a single vessel. 

A Section—mrmBlly one-half of a division. 

A Division— Bxi organization composed of two or more 
vessels. 

t 

4 Sqimdron—Mi organization consisting of two or more 
divisions. 
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A Flotilla two or more squadrons of light vessels or sub- 
marines with flagships and tenders. Light cruisers are not 
included in this organization. 

A Fas/c Force— an organization for the accomplishment of a 
particular job or task, consisting of any type or organization of 
ships necessary to do the required job. 

If your ship is a destroyer or smaller, it will probably operate 
in a division. The organization of the Navy is flexible enough, 
however, so that in an emergency your ship may operate as a 
unit or in a section. In any case, if you are a part of the Atlantic 
Fleet or the Pacific Fleet, your ship will be a part of a Task 
■■'..Force. 

Now if you are snowed by all of this information, take a look 
at the chart shown in figure 3. 

To get a better understanding of just how you fit into the 
picture of the organization, trace the heavy line from the 
President down to your position. Of course, you are not really 
on the bottom as shown in the charts but you already know the 
steps below you and the tough struggle you had getting where 
you are now. 

The organization described is designed primarily for war. 
It is set up in such a way that our peacetime organization may 
be rapidly expanded in case of a national emergency. Out of 
every war come experiences by which we profit, and this— the 
reorganization of the national military structure— is a direct 
result of the experiences gained in World War II. 

The Navy needs men who understand and who are interested 
in Navy organization. If you always know a little more than is 
required, there will be room up the ladder for you. 

UP THE LADDER 

You have ambition to get ahead. That*s why youTe studying 
this book. The Navy likes ambitious people and provides many 
opportunities for them to improve themselves. The Navy has 
standards maintain, however, and the most logical way to 
maintain them is to require men to meet certain qualifications 
for efficiency in a job or rating. These requirements are set 
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Rgure 3. The Military Establishment and the U. S. Navy. 
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forth in Manual of Qualifications for Advancement in Rating, 
NavPers 18068. 

But regardless of rating, certain abilities are required of all 
men in the Navy. These are listed in the Manual of Qualifica- 
tions for Advancement in Rating under the heading “Military 
Eequirements for all Men in the Navy.'' Gf all the qualities 
demanded of a petty officer, leadership is the most important. 
Books have been written on leadership but they cannot make 
you a leader. You must train yourself to become one. Self 
confidence is the basis of good leadership, but it must be sup- 
ported by knowledge and a genuine enthusiasm for your partic- 
ular job. 

Read Navy books. Think Navy thoughts. Talk Navy 
language. Yours is a world of ships, boats, and seamanship. 
The men who operate Navy equipment are your kind of men. 
Learn to recognize their uniforms and insignia. By looking at 
a uniform you can tell how long a man has been in the Navy, 
what kind of work he does, how much pay he gets, and in what 
campaigns or theaters of war he has been. 

Be a good shipmate. Learn thoroughly the things that help 
others. The lives of your shipmates may depend upon whether 
you have learned first aid, swimming, life saving, or the use of 
oxygen breathing apparatus. Get the scoop on organizations 
that handle personal problems. There is such an organization 
in your own command. On small ships, your division officer 
will have the word. On the large ships, you will have a Navy 
chaplain to whom you can .talk. Do you know about the assist- 
ance available through Red Cross and Navy Relief? Are you 
familiar with rules governing family allowances and allotments, 
and National Service Life Insurance? Knowing about such 
things will help make you an outstanding petty officer. 

Be military! Take pride in your uniform and your ability to 
handle men. As a petty officer you will be required to handle 
men in infantry drill, calisthenics, and formations. You will 
make routine musters and prepare watch lists. A good petty 
officer is a^man who presents himself and his men favorably 
whether under fire or on parade. 

You must not only acquire knowledge and master skills; you 
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must be able to teach others what you learn. In the Navy, you 
are either instructing or being instructed all of the time. Take 
a look at the best first class ^nd chief petty officers you know. 
They are men who mastered^methods of training others. 

In the appendix you will find qualifications required for 
advancement in the Metalsmith rating. Check yourself on 
these qualifications. If you don't know the answers, break out 
your library and start digging. You'll find the answers in this 
book and in others listed later in this chapter. Your educational 
officer has these books— ask him for those you want. Be sure 
that you understand the qualifications required of you. Master 
them so that when a billet opens you will be on .your way up the 

LADDER, ‘ '>0 

. ' .Uf.'s - . 

NORMAL PATH OF ADVANCEMENT 

Whether or not you have followed the normal path of advance- 
ment to where you now are, you will be expected to have a 
thorough knowledge of the duties and requirements for the 
Seaman Recruit (SR), Fireman Apprentice (FA), and Fire- 
man (FN). If you are a little rusty on some of the details, 
check out a copy of NavPers 10213 Fireman and do a bit of 
“bright work." You should also review the Bluejacket's Manual. 

There's no limit to how far you can advance. It depends 
upon your own enthusiasm, ability, and hard work. Of course, 
the billets have to open up, too; but if you have what it takes, 
you'll get a billet when it does open. Rate by rate you can 
advance to Chief Metalsmith. If you are officer caliber, the 
next step is Warrant Carpenter E3 (Ship Repair Technician). 
Carpenters E3 broaden their knowledge and training to include 
functions of the pipe fitter and damage controlman ratings and 
knowledge of ship salvage and diving operations. They act as 
assistant engineer or repair officers, assistant damage control 
officers, and assistant construction officers (CB). 

STUDY REFERENCES 

' Basic NavPers manuals will give you a good foundation of 
information which you will need as you go up the ladder. For 
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good reading that will give you the story of the origin and 
development of the U. S. Navy from the days of ^^fifty lashes 
with a cat-o'-nine-tails^^ to ^^Operation Crossroads/Vyou can^t 
beat NavPers 10600. 

In addition to the prescribed training courses for each of the 
ratings there are a number of Basic Training Courses which 
you will find helpful. In the field of tools, one of the best is 
Use Of Tools f NavPers 10623. This manual covers basic tools 
from hammers and screw drivers to precision instruments. It 
also includes use, maintenance, and precautions to be observed. 
You will find this Basic Navy Training Course an interesting, 
well illustrated publication, handy and convenient for ready 
reference. Likewise, Hand ToolSj NavPers 10306, a Navy 
Training Course prepared especially for aviation, is good read- 
ing and informative. You would also do well to spend some 
time reading Basic Machines, NavPers 10624, especially if 
you are the curious type who likes to know what makes things 
tick. In the study of Basic Machines, you. will become familiar 
with the underlying principles behind all tools and machines. 
Besides being chuck-full of information, this book contains a 
lot of meat for bull sessions. Also, if the letters DC mean 
nothing more than District of Columbia to you, it might be a 
good idea for you to do a bit of boning on Basic Electricity 
NavPers 10622. 

Metalsmiths use a lot of mathematics, especially in layout 
and pattern making. You don't have to be an Einstein to be a 
good Metalsmith, but you may need to hold field day on your 
math section. Check out a Mathematics, NavPers 10620 and 
you'll find everything from simple addition to logarithms. 
The section on practical geometry, areas, and volunics will be 
most helpful to you in metalwork. 

For the best information on reading blueprints or doing 
layout work. Use of Blueprints, NavPers 10621, and Blue- 
print Reading and Layout Work, NavPers 10305, are the good 
references. Of course, these books are only a few of the many 
references available for your use. But with them 5^ou can find 
the answers you are going to need to pass your examination for 
advancement. 


You are no doubt familiar with Training Course For 

Non-Rated Men, NavPers 1060L Now there^s a book that^s full 
of word. For information regarding the duties of petty officers, 
General Training Course For Petty Officers^ will give you the 
information necessary. It includes sections on leadership, 
military duties, instructing, and survival at sea. 

For technical instruction, including standards and quality 
of work required, refer to the Bureau of Ships Manual, 

Study the basic courses thoroughly and follow up with the 
additional information in the general references. With all that 
information and what you can get from this book you are ready 
to use your eyes and ears when you visit a metalsmith shop and 
see Metalsmiths at work. You can be a petty officer by meeting 
the minimum requirements. If you want to be an outstanding 
PO, youh'e going to have to know more than is required. 

QUIZ 

Select the one best answer to each of the following statements. 

1 . If you are rated (ME)-520 with previous experience or special training 
in welding and a National Emergency is declared, you probably 
would be assigned the rating of — 

(a) (MEG)-521. 

(5) (MES)-522. 

(c) (MEB)~523. 

{d) (MEW)-524. 

2. Metalsmiths (ME) are ordinarily assigned to the Engineer Depart- 
ment under the— 

(a) Repair (R) division of Damage Control and 
Repair. 

Q}) Auxiliary (A) division of Damage Control and 
Repair. 

• {c) Machinery (M) division of Propulsion. 

(d) Boiler (B) division of Propulsion. 
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An organization made up of two or more divisions of vessels is known 

'■as .'"■ 

(а) Fleet. 

(б) Squadron. 

(c) Flotilla. 

(d) Section. 



CHAPTER 2 


TOOLS AND EQUIPMENT 

The infantryman keeps a clean rifle. His rifle is his tool. 
The navigator depends upon his compass, chronometer, a,nd 
sextant. Detailed care, maintenance, and operation of these 
his tools — make modem navigation possible. 

Your tools are just as important to you. Without them you 
will be unable to do your job. Keep thein clean, keep them 

properly stowed, keep them in tiptop condition. 

BREAK OUT THE GEAR 

Break out the gear with which you are going to work. Much 
of it is familiar. There are special tools, however, with which 
you may Hot be familiar. It is with some of these that this 
chapter is mainly concerned. Other tools are discussed in later 
chapters. Study the illustrations and the discussions. Get 
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clearly in mmd the purpose of a tool then go into the shops and 
watch the man who uses it. Ask questions — intelligent ques- 
tions — and you will find the Chief and First Class Metalsmiths 
competent and willing to help you . 

When you have reported aboard your first ship or station, 
been cleared by the O.O.D. and assigned to a division by the 
Exec or the Personnel Office, your division officer will have a 
bunk and locker assigned to you. Youll then most likely 
report to the PO in charge of the shop in which you’ll work. 
He’ll give you the dope on the time and place to fall in for 
morning quarters, working hours, chow, liberty, watches, and 
on the duties you will perform. As a rule, he’ll give you the 
general shop routine and let you know what is expected of you. 
In the course of the conversation he’ll get some information 
from you — ^where you came from, the experience you’ve had, 
the progress you’ve made on training courses, and that sort of 
thing. After that little confab, you’ll probably be given the 
rest of the day to square away your gear, get the feel of the 
ship, and get settled. You probably won’t have to report back 
to the shop until the next morning. That’s when you’ll start 
getting squared away in the shop. 

YOUR OWN TOOL KIT 

Some shops are set up so that each Metalsmith has a tool 
kit of his own; others operate from a central tool room. In 
either case, there are certain tools that have a more or less 
personal nature. Tools of this kind are scribes, prick punches, 
small screw drivers, dividers, scales, and steel tapes. You 
might borrow and use your shipmate’s razor, comb, or even his 
towel if the need arises, but you certainly wouldn’t use his 
toothbrush. Some tools fall into the same personal category. 
Be just as particular with your tools as you would with your 
toothbrush. Keep those tools clean and in good condition. 
When they are not in use, protect them from the rusting effect 
of salt air by covering them with a light coat of machine oil. 

The following is a Metalsmith’s Tool Kit as taken from an 
allowance list for Fleet Repair Ships: 
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Tool hoXf mechanics, steel, individual, empty for the 
following tools: 

One hammer, bumping, 16 oz. 

One hammer, tinners^ raising, 28 oz. 

One hammer, tinners^ riveting, 16 oz. 

One hammer, tinners^ setting, 12 oz. 

One mallet, coppersmiths^ 3 K" diameter. 

^ One mallet, tinners', 2K" diameter. 

One mallet, tinners', 334" diameter. 

One punch, center 34^', round or octagon. 

One punch outfit, metal, suitable for punching 34'' holes 
in No. 16 gauge sheet iron. Each outfit shall consist of 
one punching tool together with three stan dard punches 
and three standard dies, one each of the following sizes: 

A", and 34", and four special dies on each of the 
following sizes : A", and 

Rivet sets and headers, type II, ranging in size from 00 to 8. 

One shears, tinners', hand, straight cut, type A, 3". 

One shears, tinners', hand, circular cut, 3^", type B. 

The tools listed in the preceding allowance list are only a 
small portion of the tools that you will have in your tool box. 
As time passes, you'll acquire and draw from Supply additional 
tools that you will need. 

Some of these extras may be layout tools, such as a scribe, 
dividers, calipers, triangles, protractor, trammel points, and a 
12- or 18-inch steel scale. Probably along with these you will 
have a piece of soapstone metal marking crayon. You'll use 
the soapstone when you are laying out on steel plate and shapes. 

Other hand tools that you may some day have in your tool 
box are: chisels — cold, cape, round nose, and diamond point; 
TAP WRENCHES and TAPS — taper, plug and bottoming; a breast 
BRILL, straight SHANK NUMBER BRILLS, PLIERS, NIPPERS, a 
SPARK IGNITER, SCREW BRIVERS, COUNTER SINKS (30° and 60°), 
and ABJUSTABLE OPEN ENB WRENCHES. 

If it werp possible for you to carry all of the available hand 
tools that you would at some time or other need in the work 
that you will be called upon to do, you'd have to have a tool 
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box almost as large as the main GSK on a destroyer escort. 
The type of work that you will do most often will determine 
the tools that you will have in your tool box. For example, 
if you are assigned to the welding shop, you will have a stinger, 
flash goggles, slag hammer and brush, cleaning drills for your 
cutting-torch tips, gloves, hood, and protective clothing. 

WOODEN MALLET 


SET HAMM 
RIVETING HAMMER ^ 




WOODEN MALLET 


SHEET 

METAL SHEARS 


SHEET METAL SHEARS 


WHITNEY PUNCH (OUTFIT) 


CENTER PUNCH 


Figure 5. — Tool kit. 

Maybe you^ll be a sheet metal worker, a blacksmith, or s 
Doall operator. If you are a jack-of-all-trades on a PC Boat, 
you^re going to have a different set of tools than those yoi: 
would have if you were on a Fleet Repair Ship doing a spec- 
ialized type of work. Study your Basic Navy Training Course 
Use of Tools, NavPers 10623. That book will gife you the 
dope on all the hand tools you’ll be required to use. 

The most important things to remember about all of youi 
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SPECIAL PURPOSE COMMUNITY PROPERTY TOOLS 

There’ll be times when you will have to go some distance from 
your shop to do a job. If the job is small and simple in nature, 


tools, whether they are hand tools 
box, special-purpose tools that you will 
tool room, or shop tools that you and your shopmates use 
needed, are these: use a tool for the purpose for which 
IT WAS designed, KEEP IT CIjEAN, AND KEEP IT IN TIPTOP 
CONDITION. 






Hi 1 11 9 


; . ...... ........ 




TAP WRENCH 


BREAST DRILl 


SCREW DRIVERS 


DIAMOND POINT CHISEL 


Figure 7. — Additional hand tools. 

you may need only a pair of gas pliers, a screw driver, or a 
hammer. 

Many of the repair jobs you have to do will require the use of 
only a few tools; others will require many tools. It would be 
a simple matter if the tool box assigned to you covered every 
application of work. All you^d have to do then is pick up your 
tool box and do the job without having to think about what 
tools you would need. 
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You will often need special-purpose tools that are rather 
bulky — tools that wouldn^t fit into your tool box even if they 
"were assigned for your personal use. These bulkier tools are 
generally stored in a central tool room, or in some convenient 
location in the shop, where they are available for the use of 
all. MEMBERS of the shop as needed. 

Tools in this category are: Drill motors, portable grinders, 
pneumatic chipping guns, pinch bars, sledges, socket wrenches, 
steel squares, bolt cutters, blow torches, soldering coppers, 
clamps, wedges, screw jacks, portable welding outfits, and 
stock and dies for cutting machine threads. 

Your bench vise will be one of your most useful tools. YouT 
use it in the shop and on occasion youll set up a vise on the job. 
Youll have hundreds of uses for the vise to secure your work 
for drilling, bending, filing, and holding operations. There are 
several kinds of vises which you might have aboard. You'll 
have a general purpose utility vise and probably a pipe vise. 




Drill motors, either electric-powered or air-driven, will be 
available in sizes from 3€^horsepower to 1-horsepower motors. 
The small sizes operate at relatively high speeds, while th? 
larger sizes are geared to drill larger holes at a speed slow 
enough to prevent the burning of the drill bit. 

In general shop work, there wonT be many days that you 11 
get by without drilling some sort of a hole in metal. Probably 
the most important point in drilling a hole, whether you use a 
drill press, hurdy-gurdy (breast drill), or an electric or air 
motor, is that the drill bit is sharp and properly ground. Figure 
9 illustrates a properly-ground twist drill. 

Some shops and tool rooms are equipped with drill holder 
fixtures to facilitate sharpening drills properly. If you have 
this tool, be sure to use it. It takes the guess work out of 
sharpening . Otherwise , you’ll have to sharpen the drill by hand . 



Bgure 9. — Twist drili. 



Yoii^ll have to be careful. Both cutting edges must be ground 
to the same angle to the axis and be the same length. If they 
"^aren^t, you’re going to have difficulties— too much strain placed 
on one cutting edge, and you’re likely to burn the point or 
break the lip. In either case, the tool will have to be reground. 
Some other troubles caused by improperly-ground drill points 
are enlarged holes, drilling off center, and slow cutting. 

You’ll need clamps with a lot of your work. You’ll use them 
to hold sections in position for drilling, riveting, bending and 
welding. The clamp you will most often use is the C clamp 
shown in figure 10. 



Figure 10.— “C” clamp. 

There are several kinds of C clamps, in a number of sizes. 
There’s not much maintenance on a clamp. Keep the screw 
lubricated and free of rust just as you would any other tool. 

You’ll probably cut internal threads with a tap more often 
than you’ll (jut external threads on a piece of stock with a die. 
Taps and dies are very hard and brittle, and they don’t have a 
great deal of resistance to shock. For that reason you’ll have 
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to be very careful how you handle these tools. Take it easy 
when you cut threads with them. Be sure that you keep^ 
the work well-lubricated. A bar of salt water soap is a good 
lubricant. Just push the tap down into the bar of soap before 
you start to cut the threads. 

Your tool room will have a chart which will tell you what 
size drill to use for every size tap. A hole drilled for tapping 
out will be smaller than the tap, while a clearance hole will be 
larger. When you start to cut the internal thread, be sure that 
you have the tap started properly. Aline the tap with your eye 
or use a square. Whichever way you do it, be sure that you 
get the tool started properly or you^ll have a set of crooked 
threads. 

When you cut external threads, you have to take the same sort 
of precautions to insure that the die is started straight and the 
tool kept lubricated during the cutting operation. You'll use 
a cutting oil as a lubricant with the die. Don't try to cut the 
threads in a continuous operation. Work the tool forward and 
backward, cutting the threads a little at a time. This will 
permit the chips to work out and insure a clean-cut thread. 

If you should have the misfortune to break a tap, don't let 
it worry you too much. This has happened to the best Metal- 
smiths at least once. After removing your first broken tap, 
you won't want to repeat the experience. When you do have to 
remove a broken tap, you can often do it by using a blunt cold 
chisel or a punch as illustrated in figure 12, After the tap 
has been started out, you can finish removing it with a tap 
extractor. 

In the shop and out on the job you’ll make the sparks fly with 
a portable grinder to grind down welds, dress rough cuts, and 
to prepare broken stationary-machinery castings for welding or 
brazing. Be sure that you wear protective goggles in all of 
your grinding and chipping operations. The portable grinder that 
you have may be powered by an electric motor or by an air 
turbine. Whether electric- or air-powered, the use of the tool 
is the same. Give it the same general care you would any 
other hand or power tool. Keep it lubricated, keep it clean. 

Pneumatic tools must have thorough lubrication. The 
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Figure i2. — Removing a broken top with a tap extractor 




MACHINE TOOLS 

mary machine tools will vary with the 
or station. A vessel designed to patrol 







harbors will not be equipped with more than a few lightweight 
machine tools. On the other hand, a Fleet Repair Ship will have 
many heavy metalworking machines. 

Regardless of the size of your ship, you’ll probably have a 
slitting shear, drill press, bench grinder, welding machine, 
oxy acetylene outfit, and several sheetmetal rotary machines. 

Aboard repair ships and bases, you’ll have these machine 
tools plus a lot of heavier machinery. You’ll see and use a 

POWER SLITTING SHEAR, a POWER HACK SAW’’, a POWDER BENDING 
BRAKE, a UNIVERSAL IRON W^ORKBR, a POWER COMBINATION 
ROTARY MACHINE, a THROATLESS SHEAR, a MARVEL SAW% POW’ER- 
FORMING ROLLS, a DO ALL, POWDER PUNCHES, a WELDING POSI- 
TIONER TABLE, a STATIONARY WELDING PANEL, and a PIPE 
BENDER. These heavy capacity machines will help you do work 
that w’^ould otherwise be very difficult. With the machines you 
can do your job a lot better and a lot faster. 

Your slitting shear will prove very useful when you have 
cuts to make on heavier gauges of sheet metal. That is, when 
you don’t have a squaring shear to make long cuts. The thick- 
nesses of metal betw^een 14 gauge and 1 /8th inch could be called 
the “awivwwd gauge.” It’s too heavy to cut with hand shears, 
too difficult to cut with bench shears, and too thin to “burn” 
with an oxyacetylene cutting torch and do a good job. You’ll 
use the slitting shear most often as illustrated in figure 14, to 
cut strap iron and flat bar. 

You can make all sorts of jury rigs to help you make bends 
in pipe and strap iron, but a bending slab with guide posts and 
clamps as illustrated in figure 15 will solve many of your bending 
rig problems. There isn’t much upkeep on a bending slab. 
It’s cast iron though, so don’t test your swing powder with a 
sledge hammer on the slab or you may crack it. Coat the 
surface of the slab with light machine oil to keep the rust 
in check. 

You may have a drill press that is larger than the model 
illustrated in figure 16, or you may have one that is smaller in 
size.^ Large or small, you’ll use it to do the same type of work. 
In addition to drilling holes with the press, you can also cut 
medium-sized circles in sheet metal by attaching a hole saw 
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Cutting strap iron with a slitting shear. 


Figure 14. 


instead of a twist drill. You remember the hole saw from youi 
basic course, Use of Tools, NavPers 10623. You’ll have to be 
certain that your work is properly secured to the table before 
you start drilling. Don’t make adjustments while the drill is 
running. Be sure to use a lubricant, and follow the manufac- 
turer’s recommendations when you set up your press. 

One of the most useful all-round machine tools m your metal 
working shop is the universal iron avorker. This machine 
is illustrated in figure 17. Most of the shipboard models are 
smaller in size, but you may see this particular machine at the 
larger shore.stations. Work can be done on both ends of the 
machine at the same time. However, you can t do two jobs 

on the same end of the machine at the same time. 
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You’ll use the slitting attachment in the same manner that 
you do the hand-operated slitting shear. To help you make 
the cuts just where you %vant them, you’ll clamp your metal 
securely in position with a stripper plate or holding device. 



or “veed out” notches for bending angle bar frames by hand, 
you may not appreciate the amount of manual work the machine 
with its angle bar shear, notcher and coping attachments, 
relieves you of. All you do is to trip the foot pedal, and crunch 
— the cut is made. That’s a lot simpler than sawing through 
at 40 strokes a minute. 

All machines have a maximum capacity, and the universal 
ironworker is no exception. The capacity plate on the side of 
the machine will tell you what thickness of bars, round stock, 
and plate the machine will handle. Follow the manufacturer’s 
instructions for maintenance, greasing, oiling, and upkeep. 

You’ll have a lot of use for the punching head of the universal 
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Universal iron worker. 


?’ pZ ?>. ? «p to IK-inches in diameter. 

To engage the desired punch with the ram, release the locking 
hmdie on the side of the punch and rotate the turret until the 
feired punch engages the ram. Lock the turret in position ^^Sh 
the locking handle and punch your hole 

Each die block has the size of the hole it will punbh and the 

on the front. These capacities are for mild steel, so you’ll hwe 
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Figure 18 . — Hand-operated turret punch. 

to bear that in mind when you want to punch stainless or othei 
alloy sheet. 

Holes cannot always be drilled, punched, or sawed. Quite 
often you’ll use a portable oxyacetylene outfit for piercing holes. 
Your shop may be set up with several of these outfits. You 
might have a different rig for your welding and cutting 
equipment than the one illustrated, or you might have several 
sets riffled in a oermanent setup. Whether or not your equip- 
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ment is portable, you’ll use it in the same way. In addition 
to welding and brazing, you’ll cut plates and angles to shape 
and size with a cutting torch. You’ll see this rig used daily 
around the metal shop. So much of your work will deal with 
welding and cutting that separate chapters covering that 

phase of your work are included in this book. 

Instead of the heavy-duty, M-inch-capacity throatless shear 
illustrated in figure 20, you might have a smaller power- or 


OXYGEN PRESSURE 
REGULATOR 



Rgure 19,— ^Portable oxyacetylene equfpmenT. 





hand-operated model. Other than the capacity metal that can 
be cut in the shear, the type of work that can be done with the 
smaller type machine is the same. You 11 use it most often 
for cutting out shapes that have an irregularly curved edge 
such as that of an elbow pattern. There are no guides to help 
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SHEAR BLADES 


Throotiess shear. 








Figure 21. — Power slip-forming rolls. 


you. You’ll control the cut by changing the dire' 
sheet to follow the contours of the line. j shape ^ 

When you have to roll or form cylindrical st ‘^^'ased daily 
tion ducts or the body of a tank, you’ll use ''?will deal with 
If the gauge of metal is light, you won’t have u. covering that 
power rolls shown in figure 21 . Imagine the troi 
into forming a cylinder out of a sheet of K- J^oatless shear 
metal if you didn’t have a forming machine large t'er power- or 
Ithat sort of work. ! 


You won’t see a shop or tool room that doesn’t have a bench- 
er pedestal-type grinder. You’ll use it to sharpen tools and 
dress edges. Always use the safety shield and safety goggles 
when you have any grinding to do. The chapter on abeasives 
in your Use of Tools, NavPers 10623, will give you all the dope 
on bench grinders. 

You’ll have some hand-operated turning machines for 
flanging, burring, and beading sheet-metal shapes. These 
nnachines and their operation are discussed in chapter 11. 
Some large ships, and all tenders and repair ships, have a power- 




38 





sj.^ : ' combination machine with a flanging attachment 

be cut 'he one illustrated in figure 22. Your sht)pmates 

smaller ■ t>w to change the dies and how to set up the 

for cutting oir j many operations it will perform. The hand- 
such as that *mg machines Avill probably be easier for you to 
■til you get the knack of working your metal in the 
ics. After you get the knack, however, you hi 

e a... uo the job a lot faster on the power machines, par- 

/icularly when you work with heavy-gauge metal. 


Power combination machini 


948341 O— i 
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Your friend the pipefitter will be using a pipe bender more 
often than you will. In fact, the pipe-bending machine will be 
located in his shop, but there will be times when youll bend 
sections of pipe to make hand rails or guard rails. When you 

11 probably /help ' the: pipe- ; 
to: the one illustrated. 


Much of your bending, particularly in sheet-metal and plate 
work that requires 90° bends or other bends with sharp radii, 
will be made in either a hand- or power-operated metal-bending 
brake . The power models similar to that in figure 24 have capac- 
ities for heavy-gauge sheet and plate, while the small hand- 
operated brakes discussed in chapter 11 are limited to 14 
and 16 gauge. 

You are probably familiar with the flashes of light that come 
from the business end of an electric welding stinger 'when the 
weld is being made. Maybe you have given some thought to 
the source of power that makes welding possible. Your welding 
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Power pipe-bender. 



Figure 24. — Power bending brake. 


equipment for electric arc welding processes may range from 
small portable 150-amp. motor-generator sets to the 750-amp. 
constant potential stationary motor generator shown in figure 
25. This set is usually found on large vessels and repair ships. On 
some of the tenders youT have large portable Diesel or gasoline 
motor generator sets, as well as alternating current (a.c.) 
welding outfits. 

The individual portable outfits wonT confuse you. You^ll 
know what they are as soon as you see them. But the first 
time you see a stationary constant-potential welding panel 
you might wonder 'Svhat gives.'^ Only one welder can work 
from the portable outfit, while several welders can work from 
the stationary panel. Your Chief or leading First Class Metal- 
smith will instruct you in the proper method of starting, 
adjusting, and stopping the motor generator. 

The juice from the generator is transmitted to individual 
welding control panels where you will adjust the current to the 
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heat you want for a particular job. The welding current is 
selected by opening or closing the series of switches shown in 
the illustration. For example, if you want 50 amperes, consult 
the switching table in the panel box and close the switches 
indicated in the table — in this case, switches 1 and 3. 

Another piece of machinery that you might see in the welding 
shop is a welding positioner-table . There’s nothing complicated 
about this table. You’ll secure the work to be welded to the 


•ampere constant potential welding set. 




Figure 26. — Welders control panel. 


..table with “Tee slot bolts.” To bring the weld area into a 
horizontal position tilt the table top. 

At some time or other you’ll be looking for material to make 
yourself a knife. One of the best steels for this purpose is the 
saw blade from a power hacksaw. Some of these blades are 
manufactured with only the saw teeth composed of tool steel, 
but others are tool steel throughout the entire blade. You’ll 
have to be sure that you have the right kind of blade before 
you start on your knife. Another point to watch is this: that 
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the blade you choose has seen a lot of service and use in a 
power saw sinailar to the one illustrated in figure 28. 

You’ll use this saw frequently to cut lengths of angle and 
bar stock. This saw has a vise to hold your work securely in 
place while the saw is in operation. Be sure that you set the 
stroke speed and feed properly for the work you are cutting, 
and don’t forget to keep the work well lubricated. 

The Marvel metal cutting band saw illustrated in figure 29 




Figure 28. — Power hacksawi 


can be adjusted to make cuts at any angle to the table top. 
You will find this saw used frequently when elbows with thick 
wall sections have to be fabricated. A cylinder of the proper 
diameter is formed on the forming rolls and the seam is then 
welded. The cylinder is secured to the saw table, the necessary 
angle is set on the band saw column, and the miter is cut. The 
blade and piece being cut must be well-lubricated. All you’ll 
have to do is open the valve to the lubricating tube and the 
lubricant is automatically pumped from a reservoir in the 
machine. Feed pressure and blade speed must be regulated 
for each job requirement. For specific instruction on operation 
and maintenance, ask your shop CPO to show you the manu- 
facturer’s instruction manual. 

A Doall machine shown in figure 30 won’t serve for every 
metal working job that you’ll have, but it will do a lot of jobs 
for you. The more you know about this machine, the more work 
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saw. 


L Drill or punch a hole in the sheet large enough for the saw 
blade to pass through. 


on it. Most of your work on this machine 
will deal with irregular curves on the inside of a blank, as well 
as curves on the outer edge of the stock. You can make an 
inside cut in a metal sheet with this machine in the followino- 
manner. ^ 
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Doall machine. 


2. Cut the saw blade and pass the blade through the punched 
hole. 
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3. Weld the saw blade together in the butt welding attach- 

ment. ' ' 

4. Grind down the weld in the flash grinder. 

5. Replace the blade on the driving wheels. 

6. Set your speed control and make your cut. 

You may be assigned to a ship that has all of the machines 
and tools that have been discussed or you may be aboard a ship 
that has only a few of them. In either case, you 11 be working 
with the machines and taking care of them. Machinery and 
tools, like fire, can be your best friends if used properly and 
with common sense. Use your tools for the purpose for which 
they were designed and within their rated capacity. Treat 
them right and they 11 do right by you. 


QUIZ 

Select the one best answer to each of the following statements. 

1. For tools which are not in use, the recommended protection against 
corrosive effect of damp salt air is to — 

(a) Place in a kerosene bath. 

(b) Wrap in oil paper. 

(c) Goat lightly with machine oil. 

(d) Seal in an air tight container. 

2. The metal punch outfit, usually found in a Metalsmith^s Tool Kit, is 
suitable for punching holes in No. 16 gauge sheet iron up to a diameter 
of — 

(a) 34-inch. 

(5) 34-inch. 

(c) J4-inch. 

(d) 1^-inches. 

3. A recommended metal marking crayon used for lay-out on steel 
plates will be made of — 

(a) Sandstone. 

(6) Chalk. 

.. . (c) Soapstone. 
id) Carbon. 
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4. The tool which is too large to fit into a tool kit and has to be checked 
out of a central tool room is usually referred to as — 

(a) A general purpose tool. 

(5) A stationary tool. 

(c) Land base equipment. 

(d) A special purpose tool. 

5. A tool which would be classified as '‘community property” would 
be the , — 

(a) Scriber. 

(6) Prick punch. 

(c) Small screw driver. 

(d) Portable grinder. 

6. A tool used for holding work during such processes as drilling, bend- 
ing, filing, etc., is the — 

(а) "C” clamp. 

(б) Slab. 

(c) Vise. 

(d) DoAll. 

7. Drill motors, either electric or air, will be sized according to — 

(а) Revolutions per minute. 

(б) Horsepower. 

(c) Amount of current or compressed air required. 

(d) Chuck capacity of tool driven. 

8. A properly ground twist drill will have a lip angle, normally, of — * 

(а) 10-15 degrees. 

(б) 59 degrees. 

(c) 118 degrees. 

(d) 125-135 degrees. 

9. A tool used for holding flat sections in position for riveting, welding, 
etc., is the — 

(а) Doall. 

(б) Universal Iron Worker. 

(c) Welding positioner. 

(d) . "C” clamp. 

10. Internal threads will be cut with a — 

(a) Tap. 

(5) Die. 

(c) Broach. 

(d) Milling machine. 
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1 1 . External threads will be cut out with a — 

(a) Tap. 

(5) Broach. 

(c) Die. 

(d) Milling machine. 

12. A good lubricant to use for cutting internal threads, if cutting oil is 
not available, is ^ — 

(a) Soapstone. 

{h) Salt water soap. 

(c) Graphite, 

{d) Benzine. 

13. The diameter of a hole drilled for tapping, in relation to the tap 
diameter, must be — 

(a) Larger. 

(6) Smaller. 

(c) The same size. 

(d) A close tolerance fit. 

14. To insure a clean-cut thread, the tool should be worked forward and 
backward in order — 

(a) That chips may work out. 

(b) To keep tool properly aligned. 

(c) To allow proper cooling of material. 

(d) To eliminate lubricant. 

15. A broken tap, if loose but below the surface, can be removed wuth 

(a) A rotary magnet. 

(b) A screw driver, 

(c) A stud remover. 

(d) An extractor, 

16. Proper lubrication may be maintained, when using a pneumatic 
tool constantly, by disconnecting the air hose every hour and plac- 
ing in the hose connection a specified amount of — 

(а) A heavy machine oil. 

(б) Light machine oil. 

(f) Cup grease. 

(d) Graphite. 

17. Gummy substance may be best cleaned from a pneumatic tool wdth — 

(a) Kerosene. 

(5) Prussian blue. 

(c) Lapping compound. 

(d) Benzine. 



18. Strap iron which due to its thickness or thinness, can not be cut with 
hand or bench shears or the cutting torch, will probably be cut with 
the — ■ 

(a) Slitting shear. , 

(5) Throatless shear. 

(c) Doali. 

{d) Marvel bandsaw. 



19. A heavy cast iron tool used to bend pipe and strap iron is called a — ~ 

(а) Universal Iron Worker. 

(б) Power slip-forming roll. 

(c) Bending slab. 

(d) Power pipe bender. 

20. A tool which may be attached to a drill press for cutting medium 
sized circles in sheet metal is called a — 

(а) Circular saw. 

(б) Shaper. 

(c) Turret punch. 

(d) Hole saw. ' 

21. A useful machine tool upon which slitting, shearing, notching, and 
coping may be done and upon which work can be done at both ends 
of the machine at the same time is called — 

(а) Universal Iron Worker. 

(б) Marvel metal cutting band saw. 

(c) Doali. 

(d) Power combination machine. 

22. A machine which will punch various sized holes up to li inches in 
diameter is called — 

(a) Doali. 

(b) Turret punch. 

(c) Power combination machine . 

(d) Universal Iron Worker. 

23. A machine used to cut irregular curved edges but which has no guides 
to aid in the cutting is called a ■ — 

(а) Throatless shear. 

(б) Universal Iron Worker. 

(c) Marvel band saw. 

(d) Power combination machine. 
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24. i-inch sheetmetal used to make C3diadricai sections or tank bodies 
can be easily formed with a — 

(а) Power combination machine. 

(б) Universal Iron Worker. 

(c) Bending slab. 

{d) Slip-form roll. 

25. The source of power from which several welders may work at the same 
timecomesfroma — 

(а) 150 amp. motor generator set. 

(б) ' Stationary motor generator set. 

(c) System of storage batteries on a control panel. 

(d) Series of transformers. 

26. A machine upon which work can be fastened securely and tilted into 
various desired positions for welding is called a— 

(а) Portable welding set. 

(б) Tilt-top table. 

(c) Welding positioner. 

(d) Slab. 

27. In addition to having material securely in place when using the 
power hacksaw, the work must be kept — 

(а) Faired. 

(б) Fayed. 

(c) Lubricated. 

(d) Calked. 

28. Miter cuts can be best accomplished on heavy cylindrical sections 
by using a — 

(a) Marvel metal cutting band saw. 

(5) Doall. 

(c) Power hacksaw. 

(d) Universal Iron Worker. 

29. The cutting of irregular curves on the inside of a blank can be best 

accomplished with a — ^ i 

(a) IMarvel metal cutting band saw. 

(b) Power combination machine. 

(c) Doall. 

(d) Throatless shears. 
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CHAPTER 3 

MATERIALS 


In every war since the invention of gunpowder, the winning 
outfit has been the one that could throw the greatest amount of 
metal at the enemy in the shortest time. As a fighting man, 
you are interested in how wars are fought and won. As a Metal- 
smith, your greatest interest in metallic materials is not in 
throwing chunks of metal at any particular individual, but in 
selecting and shaping the materials into desired forms. You 
will be using the same basic materials in your work of construc- 
tion and repair as the gunner uses when the big guns are fired, 
or that are in the block-busters dropped on enemy installations. 
Perhaps, at first glance, a smith or a worker in metals is not as 
important as the man who drops the “eggs.^’ But remember 
that those eggs could not be dropped unless the planes, guns, 
and ships were first built and then maintained in A-1 condition. 

The metallic materials with which you will work are divided 




into two general classifications: ferrous and noxferrous. A 
ferrous metal is composed mostly of iron. Pig iron, cast iron, 
ingot iron, wrought iron, carbon vSteel, and the various alloy 
steels (structural as well as tool steel) are ferrous metals. All 
other metals are nonferrous. You are pro!)ably familiar with 
many nonferrous metals such as gold, silver, lead, zinc, alumi- 
num, copper, and tin. These metals and combinations of them 
in such useful alloys as solder, brass, and bronze are used in 
large amounts in the construction and maintenance of yoxiv 
ship. Look around your destroyer or battleship. Pipes, cables, 
ladders, pots, pans, and machinery are ail made of metallic 
materials. The greatest tonnage of any one metal used in the 
construction of your ship is steel. Look at the deck you are 
standing on. Maybe it’s covered with teak wood planks. But 
under that planking are steel plates, supported by structural 
shapes such as I-beams, T-bars, or angle bars. Have you ever 
given any thought to tHe manner in which these plates, fittings 
and shapes were manufactured? A lot was done to them before 
they went into the structure of the ship, or reached your supply 
room. 

FERROUS METALS 

Before iron and steel products can be manufactured, iron ore 
must be mined. Red hematite is the most common commer- 
cial iron ore. Once the ore is mined, it is converted to 
metallic iron by being melted in a blast furnace in the presence 
of coke and limestone. The chemical and physical reaction 
which takes place in this process reduces the ore to molten 
iron. This molten iron is drawn from the bottom of the furnace 
and poured into sand molds to form shapes of convenient size, 
known as ^‘pigs.” 

Pig iron is composed of about 93 percent iron, 3 to 5 percent 
carbon, and varying amounts of other elements. Pigs are used 
in the manufacture of cast iron which, because of its brittleness 
and low tensile strength, is limited to use in such parts as motor 
mounts, gears, and housings. V/hen pig iron is further refined 
in a puddling furnace, still more of its impurities are removed. 
Ihe product of this puddling process is wrought iron. 
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Ingot iron may not be in your stock pile. It is a commer- 
cially pure iron— 99.9 percent pure. This iron is manufactured 
by the open-hearth method. The chemical analysis, structure, 
and properties of this iron and of lowest carbon steel are prac- 
tically the same. The difference is this: In ingot iron the carbon 
content ii considered an impurity. Any element is considered 
an impurity when it has an undesirable or unwanted effect on 
the product. In steel the carbon content is considered an 
alloying element. An alloying element produces a desired or 
wanted effect. The lowest carbon content steel — “dead soft' — 
has about 0.06 percent higher carbon content than ingot iron. 

W7Vtight iron and ingot iron are obtainable in sheets and bars. 
You may tise them in the construction of lockers and ventilation 
ducts. Wrought iron is also used in the manufacture of boiler 
tubes, piping, rivets, and nails. 

Steel is manufactured from pig iron by decreasing the amount 
of carbon and other impurities present in the pig. About 15 
pounds of manganese are added to every ton of pig in this stage 
of the manufacture of steel. Manganese carries off sulphur 
and oxygen which, if left in the product, would cause the steel 
ingots to crack when they reach the rolling mills. 

Youdl hear reference made to Bessemer steel, open-hearth 
steel, and crucible steel. These terms refer to methods of manu- 
facture. The method of manufacture is one way by which 
steel is classified. Another method of classifying steel is by the 
elements other than iron and carbon that are present in it. All 
steels are alloys of iron and carbon. It is during the molten 
stage in the metahs manufacture that controlled amounts of 
alloying elements are added to make a steel of the desired 
composition. 

When the process of purifying and alloying steel is complete, 
the metal is drawn off and poured into ingot molds. It is then 
permitted to solidify and, in some cases, it is sent directly to 
the shaping mills. There it is formed into billets, plates, and 
structural shapes. 

The chemical analysis of wrought iron and of mild steel are 
practically the same; that is, the elements of both metals are 
very similar. The difference in the properties of the two stocks 
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is caused by a difference in the process of manufacturing them. 

Wrought iron is made by a process of puddling, squeezing, and 
rolling. This process introduces slag into the iron and gives it 
a fibrous internal structure which is responsible for its work- 
ability and for its resistance to corrosion. 

Steel is made by a process of smelting, decarburizing, deoxi- 
dizing, solidifying, and rolling. The decarburizing takes out 
the excess carbon, and deoxidizing removes other impurities by 
the use of manganese. During most of its manufacture, steel 
is in a molten condition. When it is poured into ingot molds, it 
solidifies into a granular structure. It is then sent to the rolling 
mills to be formed into shape. 

The difference between wrought iron and steel, then, is that 
wrought iron has a fibrous internal structure similar to that of 
a piece of wood, while the internal structure of steel is similar 
to the internal granular structure of a frozen sherbet. But on 
the surface, a sheet of black wrought iron or ingot iron looks 
the same as a sheet of black steel. 

You won’t have any difficulty in fabricating or joining mild 
steel, and you’ll find that ingot iron and wrought iron can be 
fabricated and joined even more easily. The unprotected sur- 
face of a wrought iron sheet will stand up against weather con- 
ditions longer than mild steel. Wrought iron is more exj^nsive 
than steel, and you may not have it in your stockpile. 

You 11 have a number of different types of steel aboard your 
ship or station. Most of this steel will be in the form of struc- 
tural shapes, sheets, plates, and bars. The most important 
types of structural steel are: mild steel, medium steel, high 

TENSILE steel, SPECIAL TREATED STEEL, and STAINLESS STEEL. 

Mild steel (0.05 percent to 0.30 percent carbon content) is 
used when structural strength is of no great importance, and 
when a great deal of flanging, shaping, and other shop operations 
are involved. 

Medium steel (0.30 percent to 0.60 percent carbon content) 
IS similar to mild steel in its workability.. But it is harder and 
stronger than mild steel and is used when structural strength is 
required. You will find this steel used in decks, shell plating, 
mam bulkheads, frames, and in many forgings. 
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High tensile steel (HTS) is used in yarious parts of a ship 
where material of greater strength is required. This steel con- 
tains small additions of various alloying elements that give the 
steel extra hardness and toughness. An example of this steel is 
Armco high tensile steel which is made up of 0.12 percent car- 
bon, 0.20 percent manganese, 0.10 percent silicon, 0.35 percent 
copper, 0.50 percent nickel, 0.05 percent molybdenum, and 
0.05 to 0.15 percent phosphorus. You won^t have any great 
difficulty fabricating with HTS. It's just a little tougher to 
work. It's not a good idea to punch large-sized holes in HTS, 
because you may break the punch. When you need to make 
holes, use a cutting torch. 

Special treated steel (STS) is designed to protect the vital 
parts of your man-of-war. Protective decks, conning towers of 
submarines, and many other vital parts are protected by this 
type of steel. You won't be able to punch or shear this steel. 
A small percentage of chrome-nickel has been added, and the 
steel has been specially treated to obtain hardness and tough- 
ness. Ail of your cuts will have to be made with a cutting 
torch. This will include any holes needed for riveting. When 
you have to do welding on STS, you’ll have to use a special rod 
that „0n tains 25 percent chromium and 20 percent nickel. 
Yoi^^t see and use another kind of steel aboard your ship. If it 
is bright and shiny, the metal might easily be stainless steel. 

Stainless steel is commonly referred to as CRS. Don't get 
this mixed up with monel, which is a nonferrous metal. This 
steel is used in locations where resistance to corrosion is impor- 
tant. You'll see this steel used around the sick bay and galley a 
great deal. Other uses are on air-ports, ladders, hatches, and 
for decorative purposes. This metal is easily worked in the 
shop. It must be welded Avith a welding rod of the same com- 
position as the base metal. You won't be able to flame-cut this 
steel because instead of burning out as regular steels do it will 
merely melt. The most common stainless steels are 25-20 
(25 percent chromium and 20 percent nickel) and 18-8. 

Steels are designed and manufactured for a wide variety of 
purposes and applications. In addition to structural steels, 
you will have bars of high carbon steei, (more than 0.60 per- 
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cent carbon) and bars of high speed aedoy tool steel. Many 
of your hand and machine tools will be made from these. You 
will make forgings from some of these metals at one time or an- 
other, and you’ll have to heat-treat the forgings. 
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Figure 31,“— Rolled shapes. 

If your duty station is on a large ship, your storeroom will 
have all of these steels in various sizes of square, round, and 
flat bars, sheets of different sizes and weights, rivets and 
machine screws of all sizes and descriptions, and various hard- 
ware articles. 

Some steels are tailor-made to specifications for a particular 
3 b. or for a desired physical property. Some of these proper- 

w^katmty strength, toughness,^ or 

steels, which are true alloys of iron and 

ste ±rr',°' T,"”” “ O'' 

the steel ^ It also determines the hardness of the steel as 
well as Its ability to respond to heat-treatment. Althou-h carbon 
steds are true alloys, you’ll seldom hear them refeed to as 

Pioperties. Among the more common alloying 
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Figure 32. — Thickness and weight of steel plate. 


ingredients are nickel, chromium, vanadium, silicon, and tung- 
sten. One or more of these alloying ingredients may be added 
to the steel during its manufacture. 

Nickel steels usually contain from 3 to 5 percent nickel. 
Nickel steels have increased strength,better corrosion resistance, 
and greater toughness or ruggedness. 

Chromium steels resist wear. For this reason ball bearings are 
often made of an alloy containing about 1 percent chromium 
and 1 percent carbon. 

Chrome-vanadium gives a maximum of strength with a mini- 
mum of weight. Take a look at a good set of 12-point box-end 
wrenches. You’ll see ^^chrome-vanadium” stamped on the 
handles. Steels of this kind contain 0.15 to 0.25 percent vana- 
dium, 0.60 to 1.50 percent chromium, and 0.10 to 0.60 percent 
carbon, and they are used mainly where super-strength is desired. 
Youli find them used for crankshafts, gears, and axles. 

Tungsten steel is said to be ‘Ted-hard.!' You will hear about 
a steel having the property of ‘Ted-hardness” before you have 
been around metal workers any length of time. Red-hardness 
is the ability of a steel to remain hard enough to continue cutting 
even after it becomes red hot. Tungsten steel is a special alloy. 
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A good grade of this high-speed steel contains 13 to 19 percent 
tungsten j 1 to 2 per cent vanadium , 3 to 5 percent chromium 
and 0.60 to 0.80 percent carbon. This alloy is expensive to 
produce and its use is mostly restricted to the manufacture of 
cutting tools, such as drills, lathe tools, and milling cutters. 

Molybdenum is often used as an alloying agent for steel in 
combination with chromium and nickel. The “moly” adds 
toughness to the steel. It’s used instead of tungsten to make 
cheaper grades of high-speed steel. 

Here are some of the symbols for the various elements used 
in alloy steels: 


Iron (Fe) 

Carbon (C) 
Phosphorus (P) 
Sulphur (S) 
Manganese (Mn) 
Copper CCu) 


Nickel (Ni) 

Chromium (Cr) 

Vanadium (V) 

Silicon (Si) 

Tungsten (W) 

Molybdenum (Mo) 

^ You 11 see these symbols used when you check through tech- 
nical handbooks and Navy specification manuals. You should 
learn these symbols as they are a part of the vocabulary of the 
language of metals — ^your language. 

Steels are manufactured according to rigid specifications. 
Ihese pecifications are numbered by one system or another, 
f the number of the steel, you can identify the class 

to which It bebngs. An example of the numerical system of 
1 entification is that used by The Society of Automotive En- 
gineers KM,.) 

®y®tem utilizes a four digit number A 
1008 S.A.E. steel is plain carbon steel. The first digit, 1 indi- 
cates that it is a carbon steel. The second digit, 0, tells you 
that there is no other alloying element. The last two digits. 
08, tell you the approximate percentage of carbon present— in 
this case, .08 percent. Other steels are indicated by the follow- 
mg firy digits: ^-nickel steel; 5-nickel chromium steel- /- 
S 7-Z ^“fhromium steel; ^-chromium vanadium 
tute'sLl r ^-National Emergency steel (substi- 

igSl “‘i ^-^hicon- 
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The second digit usually indicates the main alloying element, 
and the last two digits indicate the approximate carbon content 
of the steel. The S.A.E. number ^840 indicates a nickel steel 
of approximately 3 percent nickel and .40 percent carbon. 

There are a number of other systems used to identify and set 
forth the specifications of steel. You may have occasion to use 
Navy and Federal specifications for steel and other materials. 
For example, the Navy symbol for a certain molybdenum steel 
used for high-pressure tubing is 44TS3 You can check the 
supply office of your ship or station when you need information 
about numerical systems. 


NONFERROUS METALS 

One of the most important nonferrous metals used in the 
: construction of your ship is copper. A battleship requires about 

I 1 ,000 tons of this material in the form of wire, sheet, plate, and 

in copper alloys, such as brass and bronze. Like iron and all 
' other base metals, ore bearing metallic copper must be mined, 
smelted, refined, and then rolled to the desired shape, 
f In comparison with iron, copper is a rare metal. Ores which 
bear iron usually contain 50 percent metallic iron, while the 
best copper ores contain only 5 percent metallic copper. This 
means that a great deal more copper ore than iron ore must be 
mined to get the same tonnage of both metals. The process 
of extracting the metal from copper ore is much longer than 
for iron ore. The copper ore must first go to crushers where the 
. gangue 'or worthless rock is partially removed. After this 
j crushing process, the ore, bearing 20 to 25 percent metallic 
; ^ copper, is roasted to reduce the sulphur Content. The mass 
then goes to a converter similar to the Bessemer furnace used 
in the manufacture of steel. The pig copper obtained after this 
step is sometimes called blister copper because of its blistered 
appearance. The remaining impurities are removed in a refin- 
' ing furnace. The final product is a copper that is 99.95 per- 
'• • cent pure. 

I Copper sheet, pipe, and tubing have a reddish brown color, 

L are easy to work, and have many applications. You'll use them to 
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make ball floats; containers, and soldering irons. Youll see 
sheets and rods that have a protective coating of copper. Don^t 
be alarmed if these surfaces are covered with a green tarnish. 
This tarnish is called verdigris and has no material effect' on 
the copper . You have probably brushed or polished plenty of 
this tarnish or corrosion from the metal when you shined bright 
work as a boot. 

Copper is an excellent conductor of electricity and it has 
excellent resistance to salt-water corrosion. Its manufacture 
is costly in comparison with that of steel. This is one of the chief 
reasons why other metals are substituted for it whenever 
possible. 

Copper becomes hard when worked, but is easily softened 
by heating it to a cherry-red color and then cooling it. Anneal- 
ing and softening are the only heat-treating procedures applied 
to copper. 

You’ll join copper seams with rivets, silver solder, bronze 
brazing rod, and soft solder. You can also use standard sheet 
metal seams as well as gas and arc welding procedures . 

Zinc, as you will most often see it, will be in the form of a 
protective coating on sheet metal. These sheets are called gal- 
vanized sheets. The process by which the protective coating 
is applied to the iron or steel is known as galvanizing. The 
zinc coating has a bluish-white spangled appearance. 

The greatest use of zinc is as an alloying ingredient in making 
brass and some bronze. Pure zinc sheets, called zinc protectors 
are used to protect the hull and hull fittings from galvanic action. 
These zinc protectors are installed on the hull of all steel ships. 
You’ll also use zinc to cut or weaken raw acid for use as a solder- 
ing flux. 

Galvanic action is set up when unlike metals are in close 
contact with each other and immersed in salt water. An elec- 
tric current is generated between the unlike metals, causing 
corrosion or pitting of the metal from which the current flows. 
When zinc protectors are installed, the current flows from 
the zinc, eating it away, and in this manner prevents corrosion 
of the steel hull and the bronze bearings, shafts, and propellers. 
For a more detailed discussion of galvanic action and zinc pro- 
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tec tors see Bureau Ships Marnmlf chapter 12, p. 6, and chapter 
46, p. 45. 

Lead will probably be the heaviest metal that you'll have to 
work. When you go do\vn to the storeroom to drag out a sheet 
of lead, you'll have a load on your shoulders. Lead weighs 
about 700 pounds a cubic foot. It is available in pig and sheet 
form. The sheets will be rolled up on a rod like a carpet, and 
you'll unroll and cut off as much as you need to use. You'll see 
sheet lead used to line sinks or protect bench tops where a great 
deal of acid is used. Very likely you'll have a container made of 
sheet lead in which you will cut or dilute your hydrochloric and 
muriatic acid with zinc. 

The surface of lead is grayish in color, but when it is scratched 
or scraped, it becomes very white. Because of its softness, a 
lead block is often used as a backing material when punching 
holes with a hollow punch, or for bumping or hammering sheet 
metal forms. 

Your most frequent use of lead will be in one of its alloyed 
forms. When lead is alloyed with tin in various proportions to 
form soft solders, you have one of the most commonly used 
alloys of nonferrous metals. You have had some experience 
with the many applications of soldering. Chapter 6 discusses 
solders and soldering in detail. 

Tin is seldom used except as an alloying ingredient. But in 
this capacity it has many important uses. Alloyed with lead, 
it makes a soft solder. When alloyed with copper, it produces 
bronze. Lead and tin both resist corrosion very well, but tin has 
the added advantage of being nonpoisonous. For this reason, 
many food containers are fabricated from sheet material which 
has been coated with tin. 

True brass is an alloy of copper and zinc. Complex brasses 
are those containing additional alloying agents, such as alu- 
minum, lead, iron, manganese, or phosphorus. Naval rolled 
brass is about 60 percent copper and 40 percent zinc, and is 
practically free of impurities. It can resist corrosion. 

Brass sheets and strips are available in soft, K-hard, 3^-hard, 
full-hard, and spring grades. The hardness is accomplished by 
cold rolling. All grades of brass can be made softer by annealing 


63 


at a temperature of 550® to 600® F. The brass should be allowed 
to cool by itself without quenching. Don't overheat it or you 
may burn out the zinc in the brass. 

Bronze made of 84 percent copper and 16 percent tin was the 
best available metal before steel-making techniques were dis- 
covered. A thousand years ago bronze tools and weapons were 
the best to be had. And the first good naval cannon was made 
of bronze some five hundred years ago. 


KIND OF BRASS 

PERCENT OF ALLOY ELEMENTS 

Coppei* 

Zinc 

Tin ' , 

Lead 

Naval rolled 

60-61 

38-39 

,:i.O 

' 0.05 

Commercial rolled 

60-70 

30-40 

Some 

Impurities 

Cartridge or Spinning .... 

65-73 

27-35 



Yellow (Cast) 

62-73 

25-35 

.... 

2.0-3.0 

Med. red (Cast) 

72-87 

8-15 

2.0-3.0 

7.0-10 

Composition F (Cast) .... 

85 

15.0 



Red (Cast) 

85 

5.0 

5.0 

5.0 

Muntz metal 

54-60 

40-46 




Figure 33. — • Content of brass alloys. 


Although bronze was originally an alloy of copper and tin, 
many complex bronze alloys containing three or more elements 
have been developed. Therefore, there is now no distinct line 
between brass and bronze. In fact, commercial bronze (used for 
hinges and other hardware) is really a low brass containing 90 
to 95 percent copper and 5 to 10 percent zinc. 

Most of the work that you will do on brass and bronze will be 
in the nature of repair. You’ll build up and repair brass or 
bronze gears and castings by brazing and welding. 

An application of sheet brass is found in the kick plates you 
may have polished around the ship. You’ll also have sheet, 
strip, and wire-spring bronze from which you’ll make numerous 
small springs. 

Copper-nickel alloy has come into its own in recent years. 
The Navy now uses it extensively to convey salt w^ater because 
it is highly resistant to electrolysis or galvanic action. In sheet 
form, you may use it to construct small storage tanks and hot- 
water reservoirs. Copper-nickel alloy contains 70 percent 
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KIND OF BRONZE 

PERCENT OF ALLOYING ELEMENTS 

Copper 

Zinc 

Tin 

Lead 

Commercial 

90-95 

5-10 



Bearing : 

80 


10 

10 

Tobin 

60 

38 j 

2 


Phosphor. ... . .......... 

87 

■ 2,3 

10 

.7% Phos. 

Aluminum. . . . .......... 

95 

5% Aluminum 

Silicon. . ................ 

95 

3% Silicon, 2% other elements 


Figure 34. — Kinds of bronze. 


copper and 30 percent^ nickel. This alloy must be worked cold, 
although it has the general working characteristics of copper. 
Copper nickel is best joined by the silver-soldering process. 

MoneZ contains from 65 to 68 percent nickel, about 30 percent 
copper, and small percentages of iron, manganese, and cobalt. 
In appearance monel resembles stainless steel. In fact, it has 
many of the same qualities as stainless steel. 

Monel , is harder and stronger than either nickel or copper. 
It also has good ductility — that is, it can be easily worked. 
Monel has a very high resistance to corrosion, and is so strong 
it may be substituted for steel where corrosion resistance is of 
primary importance. These excellent qualities make it valuable 
for use in pump parts, turbine blades, table tops, laundry 
equipment, steam valves, containers, and head fixtures and 
equipment. Nuts, bolts, screws, control parts, and other fit- 
tings are also made of monel. 

Monel can be worked cold. It also can be forged and welded. 
DonT work monel between 1200° and 1600° F. It becomes 
^%ot short or brittle when worked in this temperature range. 

K-monel is a special improved type of alloy that is stronger 
and harder than ordinary monel. Its strength is comparable to 
that of heat-treated steels. K-monel is used for instrument 
parts that must resist corrosion. 

Inconel is a high-nickel alloy containing 78| percent nickel, 
14 percent chromium, OJ percent iron, and about 1 percent of 
other elements. It has great resistance to corrosion and retains 
its strength at high temperatures. Exhaust systems of engines 
are often made of inconel. 


Aluminum is being used more and more in ship construction 
because of its light weight, easy workability, good appearance, 
and other desirable properties. Pure aluminum is soft and is I 
seldom used in its unalloyed form because it is not hard or strong ' 
enough for structural purposes. Aluminum is improved by the i 
addition of other elements to form aluminum alloys. I 

Aluminum alloys usually contain 90 percent aluminum or i 
more. Wh&xi elements such as silicon, magnesium, copper 
nickel, and manganese are added, an alloy stronger than mild ' 
steel is produced. Pure aluminum, however, is only about one- 
fourth as strong as steel. 

Duralumin was the name given to one of the first strong 
structural aluminum alloys. There are now so many different 
alloys that they are designated by numbers — 2 , 3 , 4, 17, 24 , 52 
etc. These numbers indicate the contents of aluminum alloy! 
Letter symbols are used to indicate the method of manufacture 
and the cold-worked or heat-treated condition of the metal. 1 
Wrought alloys those used for rolling, pressing, and ham- | 
mering are indicated by an S . Casting alloys are indicated by i 
a B. Pure aluminum is classified as 2 S. The alloy formerly ! 
called duralumin is now classified as 17S-T. The T means the 
metal is heat-treated. 1 

Wrought aluminum alloys that cannot be heat-treated, such 
as SS, 4S, and 528, may be hardened by cold-working The f 
following markings (used here with 38 alloy) are used to indicate i 
the hardness of non-heat-treatable alloys: 


SYMBOL 

CONDITION 

3S-0 . ..... 

3S-}^H ... 
3S-MH ... 
3S-?iH ... 
3S-H .... 

Dead soft (annealed). 
One-quarter hard. 

One-half hard. 
Three-quarters hard. 

Hard. 


There are many aluminum alloys. You may use some of them 

m sheet form to- make and repair lockers, shelves, furniture 
boxes trays, and other containers. Sheet stock is usually 

thickness in thou- 

sandths of an inch. 

Sheet aluminum alloy used for new naval construction is 
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usually specified as 52S {Navy Specification 47 All) for sheets up 
to .102 inch thick, and 5SS12 {Navy Specification 47A12) for 
thicker sheets and plates. The content of these two alloys is 
sho’^vn in the following table: 


: -ALLOY , 

NAVY SPEC. " 1 

SILICON 

MAGNESIUM 

CHROMIUM 

52S . ... 

47.411 .... 


2.5% 

0.25%. 

53S . . . . 

47412 .... 

0'.7% 

1.3% 

0.25%. 


The remaining 97 to 98 percent is aluminum and allowable 
impurities. , ' 

Bars, rods, shapes, and wire are made oi 5SS stock {Navy 
Specification 4 .OAIO). Rivets made of stock are used with 
both 5SS and 52 S sheets and shapes. The rivet specification 
number is 4SR5j Grade E. These rivets should be used as 
received. 

As a general rule, soldering aluminum is unsatisfactory, 
although it can be done when you have the proper solder and 
fluxes available. Aluminum and its alloys can be spot-welded, 
fusion-welded, or riveted. 

Aluminum alloys should not be exposed to salt water or used 
in damp places. They should never be installed in close con- 
tact with steel or with copper alloys because an undesirable, 
corrosion-producing, electrical current is set up. Suitable insu- 
lating materials — fiber, rubber, or composition — should be 
installed beWeen dissimilar metals. The metals may be insu- 
lated by coating the contacting surfaces with zinc chromate 
paint. 

Threaded parts made of aluminum alloys should fit loosely, 
and be coated with an ^ ^anti-seize’ a compound that prevents 
“freezing” or sticking caused by corrosion. 

Pure aluminum resists corrosion well, but aluminum alloys 
soon corrode unless properly protected. The content of the 
alloying agents determines, to some extent, the rate of corro- 
sion. Zinc chromate is one of the best protective coatings for 
aluminum surfaces. 

Many motor boat canopies— for example, the captain’s 
“gig^^ — are made of aluminum. Sometimes these canopies 
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accidentally get damaged. You may have to do some alumi- 
num welding as well as straightening on that job. Another 
aluminum repair job may be that of repairing aluminum chairs. 
The Navy uses a lot of this lightweight material, and when it 
is damaged, you’ll be the man who does the fixing. 

USE WHAT YOU HAVE 

Before you can make use of the ferrous materials that you 
will have in your storeroom, you will have to plan the job. As 
a striker and, usually, as a Third Class Metalsmith, you won’t 
have to do much of your own planning. But as you become 
more proficient in your rate, some of this planning will be left 
up to you. You will have plans and blueprints to work from in 
many cases. Eeview your basic training course. Use of Blue- 
prm<s, NavPers 10621. 

Select the stock for the job. This selection will be determined 
by the job at hand. In chapter 10 you will learn the basic 
layout procedures you will use to form the desired shapes. The 
layout for plate sections will be the same as with sheet metal. 
However, you must bear in mind one important point: When 
you are working with very thin sections of sheet metal, you 
won’t have to worry about bend allowance. On the heavier 
sheets (ferrous or nonferrous) or on plates you’ll have to keep 
this factor in mind and make allowances for the thickness of 
the metal. Figure 35 illustrates the manner in which a thick 
piece of metal bends. The inner section compresses and the 
outer radius stretches. You will notice that the portion in the 
center of the sheet neither compresses nor stretches. This is 
known as the neutral axis. You will use this neutral axis 
when making layouts and allowances for bends. Consider it as 
a paper-thin sheet of metal. As you can see in the illustration 
the neutral axis is at the center or one-half the thickness of the 
sheet. ^ You will allow for the thickness of metal on each side of 
the axis and make your layout accordingly. 

After making your layout according to plan, cutting it to 
^pe, and forming the bends and curved sections, you’ll join 

e seams. Most of your plate work will be joined by welded 
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seams, but you may have to use riveted seams in some plate 
sections. 

Good riveting can be done, if necessary, with no other tools 
than a ball peen hammer and a sledge for backing the rivet. 
You may or may not need some means for heating the rivets, 
but you will need tongs for handling them if heating is required. 

i^NEUTRAL Axis 


UNBENT 

PORTION 


Figure 35. — Neutral axis and bend allowance. 

In general, the rivet you’ll use to join the different structural 
members, should be of the same material as the metals being 
joined— mild steel rivets for mild steel, and high-tensile rivets 
for high-tensile plates. Rivets can be made of almost any con- 





struction material. You may have wrought-iron, steel, copper 
aluminum, or various alloy rivets. All are available in different- 
sized diameters, different lengths of shank, and a number of 
types of heads. Figure 36 illustrates types of rivet heads and 
the types of points that are formed in riveted construction. For 
the most part, you will not be concerned with an entire heavy- 
plated rivet construction, as most of your lepair work 
be done by welding. But you may have to burn out bad live., 
and replace them. 




Hoad 

m 

'Jm — Coned Neck 


- Shank 


PAN-HEAD RIVET 
BEFORE BEING DRIVEN 


.RIVET HEADS 



Countersunk, Countersunk, Button, 
Eaised Flat Coned Neck 



Button, Pan, Tan, 

Straight Neck Coned Neck Straight Neck 


RIVET POINTS 




Bun in plate 


Shearing stress here ^Hammered Point 

driven RIVET 
CONNECTING TWO PLATES 


Figure 36.— Types of rivets. 


Here are some practical suggestions for riveting: 

1 . The FAYING suKFACE— the surface between the two 
riveted plates or shapes— must be carefully cleaned and 

, given a protective coating of paint before the plates are 
riveted' together.: 

2. The rivet holes must be pair— lined up. Unfair holes must 
be faired either by lining up with a drift pin or reaming 
with a tapered reamer. When a hole has to be reamed 
to be faired up, a larger-sized rivet must be used. A hole 
that has been reamed is a size larger than that specified 
for a particular size of rivet and wouldnT have the designed 

r';,' strength. 

3. Prior to riveting, sections of plates to be riveted are closely 
bolted together. Enough bolts should be used to insure 
close contact of the faying surfaces. After rivets are 
driven in the free holes, the bolts are removed and are 
replaced by rivets. 

4. Large rivets must be heated. Youfil have to exert care 
not to overheat the rivet because a burned rivet is useless. 
A properly heated rivet should be a light red when taken 
from the fire, and cherry red when driven. Rivets under 
f-inch in diameter may be driven cold. 

5. When a rivet is inserted Jn a hole, donT drive the point 
until you lay the head up solidly against the plate with a 
few blows of a hammer. 

6. Form the point on the rivet by striking a series of blows 
around the edge of the rivet. Figure 37 illustrates a 
rivet properly set up for driving. The dolly bar in the 
lower half of the figure is a tool that is used for bucking 
(backing up) the rivet. For removing rivets the cutting 
torch is your best tool. (See chapter 9 for detailed 
instructions.) 

Calking is the metal-working process youfil use to make 
riveted joints and rivets water-tight and oil-tight. Metal 
calking is the process of making joints tight by forcing the 
edges of one plate or member hard against another edge or 
members. Calking may injure a joint instead of helping it if 
it carelessly or improperly done . 
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Holdin^-on 

Hajpomer 


/Hammef, 

'frr- 

'Nut 



Figure 37. — - Driving a rivet 


The calking process is accomplished in two distinct steps: 

1. Forming a groove or furrow with the splitting tool (see 
figure 38) This groove should be about ^-inch deep 

and 8- to T?-mch wide, depending upon the thickness of 
the plate. 

2. Tamping the joint with the calking tool as illustrated in 
figure 38. 

rivIt?^S°® i^T ^ row of 

d not be more than about two rivet-diameters, or 
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splitting 


there will be insufficient pressure on the calking edge of the plate 
to maintain satisfactory tightness. Remember to calk from the 
inside of a tank or the side upon which the pressure will be 
exerted. 

Poor calking is due to improper holding of the calking tool. 


SplittiBff Tcol 


Figure 38. — Calking a butt joint. 
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Figure 39. Calking tools correctly held. 


n^re 39 illustrates the correct way to hold the calking tool. 

A T* satisfactory calking jobs on plates 

ZZf- uT '"thickness. Sections that must be made 

nnpl- thickness are usually calked with a 

packing material. 

shipmates talking about soft patches. A 
0 t patch IS a metal sheet, cut to a desired shape. It is fastened 
n place with tap bolts or tap rivets, and is made watertight 

vas het°wi ‘'an- 

Soft n f h ^ P ates of the joint. A soft patch is not calked. 

‘ 

fam£/ materials with which you will need to be 
anT Im- '"h usually be installed, maintained, 

tees iZt’ 1 P’P" such as elbows, 

Se liZ fabrication of hand rails and 

you mav u?? f these life lines and handrails, 
you may use screw fittings as illustrated in figure 41 or 

‘ i””**' IT'* »"iy 

rn ff fittings is that one has internal "threads 

yolrshlr*!^'? ‘=^“* »f pipe and tubing aboard 

your ship. These prpes .nd tubes are used to tranSer fuel, 




Square head, to Hound “wringrofP’ 



Figure 40. — Tap rivets. 

steam, and fresh and salt water under various pressures. Because 
of the different liquids and pressures that they carry, pipe and 
tubing; are manufactured from various metals and alloys in a 
number of wall thicknesses. 

Pipe is generally designated by standard ^^iron pipe size’’ 
(I.P.S.), which is the nominal inside diameter. Pipe is pri- 
marily intended for fabrication by threaded joints. 

Tubing, on the other hand, is primarily intended to be fabri- 
cated by welding, brazing, or silver soldering. Youll probably 
see tubing that has a greater wall thickness than some of the 
extra-strong or double extra-strong piping that you have 
aboard. Some of the tubing you'll see will have very thin 
walls like the copper-nickel tubing used for salt water lines, 
while the tubing used for high-pn^ssure boilers has very thick 
walls. It is manufactured from a carbon-molybdenum alloy. 
When you are identifying pipe and tubing, remember that 
often there is no apparent visual difference between them. 
The only way to determine whether it is pipe or tubing is by 
the system under which it is intended to be fabricated. 

The following table of symbols and weights of some of the 
better-known base metals and alloys is a handy reference. You 
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Figure 41. — Standard pipe fittings, 


memorize all the symbols. But if you are going 
smith, you are going to have to learn to talk the 
anguage, and symbols are a part of that language. 



SYMBOLS AND WEIGHTS 


Metal 

Symbol 

Weight 
PebCu. Ft. 

Aiumhnimi 

AI 

164 

Ant^Tnony ' _ 

Sb 

555' 

jBerylHuinni- ,, , ■ _ _ 

Be 

113 

0g[,'ir|miiim ' __ 

Cd 

540 

Cinhalt _ 

Co 

533 

nbroTniiim _ 

Cr 

436 

555 

Copper 

Cu 


Fe 

' 480 

I^ead 

Pb 

710 

Magnesium 

Mg 

Mo 

109 

Molybdenum, _ 

636 

Nickel _ - 

Ni 

556 

Platinum. 

Pt 

1344 

Silver _ _ _ _ - , , _ 

Ag 
■■ Si 

655 

Silicon _ , 

1 150 

Steel ' 


490 

Tin,, 

Bn 

455 

Tungsten ,, , ,, 

W 

1078 

Vanadium, 

V 

354 

Zinc,,,,,, 

Zn 

437 

Copper-Nickel (Cu 60% — Ni 40%) 

555 

Cadmium-Tin alloy (Cd-Sn) _ , 


480 

Brass (Cu 90%-*~Zn 10%) 


536 

Bronze (Tobin) 


503 

Sulphur 

S 


Manganese _ _ - 

Mil 






QUIZ 


Select the one best answer to each of the following statements. 

1. The bars formed from the first molten iron coming from a furnace are 
known as — 

(а) Ingot iron. 

(б) Pig iron. 

(c) Wrought iron. 

(d) Mild steel. 


2. An iron which is' 99.9 percent pure is referred to , as— ' 

(a)'' ■ Pig'iron. . ■ 

. (h) ; ' Wrought iron. 

' (c) Cast. iron. 

(d) Ingot iron. 

3. In ingot iron, carbon is considered— 

(a) An impurity. 

(b) A necessity. 

(c) An alloying element. 

{d) A solidifying factor. 

4. In steel, carbon is — 

(a) Considered an impurity. 

(b) Essential for oxidizing. 

(c) Considered an alloying element. 

(d) Essential for the puddling process. 

5. Manganese is added to pig iron during the steel manufacturing 
process to — 

(a) Prevent cracking when rolled. 

(b) Give it extra hardness, 

(c) Increase its brittleness. 

(d) Make it corrosion resistant. 

6. The main difference between wrought iron and steel is the — 

(a) Color. 

(b) Surface appearance. 

(c) Internal structure. 

(d) Fabricating difficulties in working steel. 

7. A structural steel used for flanging and shaping where structural 
strength is not important is— 

(a) STS. 

(b) HTS. 

(c) Medium, 

(d) Mild. 

8. A steel providing the structural strength required in decks, shell 
plate, frames, etc., is — 

(a) Mild. 

(b) Medium. 

(c) HTS. 

(d) STS. 

9. A steel which has strength enough for structural protective uses is— 

(a) STS. 

(b) HTS. 

(c) CES. 

(d) Medium. 


10. Holes in STS needed for rivets will be cut with a — 

(а) Drill press, 

(б) Pneumatic drill. 

(c) Cutting torch. 

(d) Heavy duty punch and sledge. 

11 . A steel used in locations where resistance to corrosion is important is— 

(a) Special treated. 

(h) Stainless. 

(c) High tensile. 

(d) Medium. 

12. A steel which when cut with a torch merely melts is — 

(a) High speed. 

(5) Special treated. 

(c) High tensile. 

(d) Stainless. 

13. Steel specifications are usually indicated by — 

(a) A color code. 

(h) Its weight. 

(c) A numbering system. 

(d) Its thickness. 

14. In the S. A. E. steel specification number 3250 the first digit will 
indicate — 

(a) The percent of alloy. 

(h) The percent of carbon. 

(c) The percent of tensile strength. 

(d) The type of alloy. 

15. The second digit in S. A. E. 3250 will indicate— 

(a) The type of alloy. 

(6) The percent of alloy. 

(c) The percent of carbon. 

(d) The percent of corrosion resistance. 

16. The approximate percent of carbon content of S. A. E. 3250 steel is — 

(а) 0.32. 

(б) 0.50. 

(c) 3.0. 

(d) 5.0. 

17. The steel which gives a maximum amount of strength for a minimum 
amount of weight is — 

(a) Chrome- vanadium. 

(b) Tungsten. 

(c) Nickel. 

(d) Carbon. 



18. The steel which most heat resistant among the following is— 

(a) High-carbon. 

(b) Nickel. 

(c) Tungsten. 

(d) Chrome-vanadium, 

19. Layout of bend allowances should be made from the— - 

(а) External bend radius. 

(б) Internal bend radius, 

(c) Central axis. 

(d) Neutral axis. 

20. The surfaces which are given a protective coating of paint prior to 

riveting, are referred to as — ^ 

(а) Water proofing surfaces. 

(б) Faying surfaces. 

(c) Fairing surfaces. 

(d) Calking surfaces. 

21. If rivet holes are in line, they are said to be — 

(a) Faired. 

(b) Fayed. 

(c) Calked. 

(d) Sized, 

22. A metal working process used on plates over A-inch thick to make 
riveted joints water and oil tight is — 

(a) Faying. 

(b) Fairing. 

(c) Calking. 

(d) Packing. 

23. The size of iron pipe is given in terms of its nominal- 

(a) Composition. 

(b) Inside diameter. 

(c) Outside diameter, 

(d) All thickness. 

24. Tubing used for salt water lines is usuaUy composed of— 

(a) iin and lead. 

(b) Aluminum, magnesium, and chromium 

(c) Pure copper: 

(d) Copper and nickel. 

25. An outstanding property of copper is its— 

W Extreme hardness due to cold working. 

W flirty to be made soft by annealing 

{a} Low heat conductivity. 
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26. Containers used for acids are usually lined with— 

(a) ',' Lead., / ; 

■ , '(5) -.Copper, '■ ■ . , 

■(c)". .''Zinc,' ■' 

(d) Steel. 

27. Bronze is an alloy of copper and — 

(а) Brass. 

(б) Tin. 

(c) Zinc. 

(d) Magnesium. 

28. Brass is an alloy of copper and — 

(a) Tin. 

(h) Magnesium. 

(c) Iron. 

(d) Zinc. 

29. A nonferrous material which resembles and has many of the same 
qualities of stainless steel is — 

(a) Dural. 

(5) Molybdenum. 

(c) Monel. 

(d) Copper-nickel. 

30. If an aluminum is represented by the number 17S-T, the 17 will 
indicate— 

(a) The alloy. 

(h) That it is wrought. 

(c) That it is heat-treated. 

(d) That it is annealed. 

31. If an aluminum has been heat-treated, the identifying code will be — 

(a) S. 

ih) T. 

(c) H. 

id) O. 

32. The aluminum alloy used for rods, bars, shapes, and wire is desig- 
nated as-^ 

(a) 2S. 

(b) 17S. 

(c) 24S. 

(d) 63S. 


8! 


In li8t 4 are found the names of various metals and elements. Match 

items in column id with coluir^ 



A 


(a) 

Aluminum. 

33. Zn. 

(6) 

Brass. 

34. Al. 

(c) 

Bronze. 

35. Cu. 

(d) 

Cadmium. 

36. W. 

W 

Carbon. 

37. Sn. 

(/) 

Copper. 

38. Fe. 

(?) 

Iron. 

39. Pb. 

(ft) 

Lead. 

40. Si. 

(f) 

Nickel. 

41. Cd. 

(j) 

Silicon. 

42, C. 

(k) Steel. 
il) Tin. 

(m) Tungsten. 

(n) Zinc. 

43. Ni. 
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HEAT-TREATMENT OF METALS 


CHAPTER 4 


Who will ever forget that Sunday morning of December 7, 
1941! The Pacific Fleet was secure — or so we thought — flying 
at anchor in Pearl Harbor. In from the entrance to the bay 
came those planes, wearing the insignia of the Rising Sun. 
They kept coming — for an hour and 50 minutes. Down 
battleship row we took it — not lying down, but we took it. 
Bombs, torpedoes, smoke, and flame. In less time than it takes 
to get a liberty pass, our fleet was broken, twisted, and burned. 
On the Arizona^ broken and on the bottom, we had taken a 
bath of fire — not heat-treatment , but terrific heat . The foretop , 
once strong and sturdy, had crumpled under its own weight and 
had fallen forward. Heat had changed the properties of the 
metal, leaving it soft and pliable. 

YouVe seen pictures of the twisted, warped metal of the 
wreckage. That’s what concussion and heat can do. Uncon- 
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TROLLED heat can do a lot of damage. CoNTiiOLLEO heat can do 
a lot of good. 

When we contol the conditions of heating and cooling of a 
metal or alloy in its solid state, we are applying heat-treat- 
ment. Certain structural changes take place within a metal 
when it is heated and cooled. By controlling the rate of heating 
and cooling (heat-treating), we can control these structural 
changes to develop the physical properties or characteristics 
that we want in the finished product. 

The use to which we are to put a metal will determine the 
property it will require. We want a knife blade hard and cap- 
able of holding an edge. An anchor chain needs to be tough. 
The physical properties of metals, ductility, machinability, 
TOUGHNESS, HARDNESS, and TENSILE STRENGTH, Can be devel- 
oped through heat-treating. Often you must sacrifice one 
property to gain another. For example, the harder you make 
a metal, the less ductile it will be. 

The term ductility is used to describe that property of 
metal which makes it capable of being drawn, stamped, or 
hammered out thin. In other words--easy to work. Gold is 
such a metal. 

machinability is the term that is used to describe the ease 
with which stock is turned, planed, milled, or otherwise shaped 
in the machine shop. Proper heat-treatment improves this 
property and results in a finer finished appearance of the piece. 

Toughness is that property of a metal which enables it to 
withstand shock, endure strains and stresses, and to be deformed 
without breaking. " 

The hardness of a metal is that property which enables it to 
scratch and to resist scratching, cutting, denting, or wearing 
away. It may also be defined as the ability of a metal to resist 
penetration. You know, for example, that you can scratch a 
piece of lead with your pocket knife, and you know that you 
could not do the same to a piece of steel. Steel is harder than 
lead. It has properties which cause it to resist scratching and 
cutting. 

Tensile strength is that property of a metal which resists 
such forces .as those which tend to pull the metal apart. It is 



the force, exerted in pounds per square inch, necessary to break 
the stock. 

Eemember that in heat-treating, the heating must be done 
UNDER CONTROLLED CONDITIONS. This means that you will 
control the time taken for heating, and the temperature to 
which the metal is heated. You will also control the time and 
manner in which the metal is cooled. 

Heat-treatment involves the following three steps: 

1. Heating to a predetermined proper temperature. 

2. Holding or soaking at that temperature for a specified 
period of time. 

3. Cooling to room temperature in a manner determined by 
the treating process and the metal being treated. 

GET IT HOT 

The application of heat may be accomplished in numerous 
ways, depending upon the equipment that you have. Large 
shops may have salt and lead baths, controlled-atmosphere 
electric furnaces, or induction furnaces. A small shop such as 
the village smithy may have only a forge or a torch. You, as 
a Metalsmith aboard a destroyer, may be called upon to harden 
and temper a chisel with no means of applying heat other than 
your oxy acetylene welding torch. On a fleet repair ship, sub- 
marine tender, destroyer tender, and at shore installations, you 
will have plenty of equipment. In addition to your torch, you 
will have an oil-fired forge , a medium-temperature electric pre- 
heat furnace (annealing furnace) , and a high-temperature hard- 
ening furnace. Both of the furnaces are equipped with con- 
trollers, with which you can regulate the speed of heating and 
, maintain any desired temperature within range of the furnace. 
In addition, these furnaces are equipped with a device for 
controlling the atmosphere inside them. The controls may be 
set for a specific atmosphere, such as carburizing, oxidizing, 
or neutral, which minimizes if not entirely eliminates the 
possibility of scaling, decarburizing, or burning of the metal. 
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HOLD IT 

Did you ever notice what happens to a baked potato? It i. 
subjected .to heat which warms the outside and then cooks 
through to the center, changing the properties and cooking the 
potato. In a similar manner, except that the degree of he«t 
may range as high as 2400° F. for some alloys, metal is heated 
and brought to temperature in the heat-treating operation 
Ihe important point to be remembered in heating is the uni 
formity with which the metal is brought up to temperature 
Don t forget that thin sections heat faster than thick ones lust 
as little potatoes cook faster than big ones. ’ 

When you use a salt or lead bath, or an electric or oil-fired 
furnace, you are assured of getting uniform heating. If you 
don t have this equipment and have to rely on your torch or 
at best a forge, you’ll have to be careful that the stock is being 
heated uniformly. Just getting the metal hot, however, is not 
going to do the whole job. Many operations in heat-treating 
specify that the temperature must be held constant for a speci- 
fied length of time. This is called holding or sq.^cing. 

JN^w when you are baking a potato, you can stick it with a 
ork to see if it is done all the way through. If it is not, the 
answer is to bake it some more. Of course, we can’t stick a 
fork in a piece of metal to see if it has heated through, so we 
have to allow the necessary time for soaking after the proper 
temperature has been reached. This is called holding. The 
metal is held at a constant temperature to insure an even and 
uniform heat throughout. The smaller the section of metal the 

Zn of oross section (thickness) is the time 

recommended for the soaking. 

COOL IT OFF 

and held^h\t^tlflt^t°^^^* metal to temperature, 

Kpa+ + X- ^ important step — cooling In all 

®'®P® identical. The 
third step, however, wjl be to cool the met.1 in , t,„e,. chins 

86 


medium (such as brine] or in a The results desired 

will determine the method. The time element, then, may vary 
from a few moments to 36 hours. 

You may be called upon to heat-treat any metal or alloy, but 
the greater part of your work in the Navy will be with the treat- 
ment of low, medium, and high carbon steels. These steels are 
basically alloys of iron (Fe) and carbon (C) plus a minimum 
amount of other elements. 

CRITICAL RANGE 

Webster says that the word “criticar’ indicates a crisis or 
turning point, like the critical stage of a fever. Throughout 
the lieat-treatment of steel, as well as of other metals and alloys, 
you will be face to face with critical points and critical ranges, 
just as the doctor and patient are face to face with critical points 
in a fever. 

The critical point in a metal is that point at which the most 
radical changes inside the metal occur. These changes are a 
result of heating. Each type of metal has its own critical point. 

Until you’ve had a lot of experience as a heat-treater, you 
w’'on’t be able to determine when a piece of metal being heated 
reaches its critical point just by looking at it. You can be 
sure that some metallurgical laboratory has determined the 
critical point for any metal that you’ll work on, and you can 
get the information from a chart or handbook. 

The critical range is a temperature range of from 50° to 100° 
F. above the critical point. Temperatures required for all of 
the heat-treating processes fall within this range. The critical 
range, like the critical points for all metals, has been determined 
in a laboratory and made available for your use in charts and 
handbooks. Figure 42 is such a chart for heat-treating carbon 
steel. 

You w^on’t be able to heat-treat any odd piece of metal that 
you may pick up around the shop until you can identify it. In 
order to heat-treat a metal, you must know its composition. 
With this knowledge you can determine the critical range from 
the necessary charts. If you know the composition of the 
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metal and its critical 
is needed by the proper cooling or 
be necessary to treat some tools or 
before they are finally completed 
has been m service and has been returned 
re orgmg and heat-treating must first be 
^ter forging and rough-grinding the chisel 
0 harden it and finally draw it to the 
ft is well to know what gccr 
is undergoing heat-treatment L 
concerned with the changes that 
one of the most apparent c 
to a bright piece of steel, 


range, you can then get the property that 
quenching method. It may 
machinery parts several times 
• For example, a chisel that 
to the metal shop for 
softened (annealed). 
1) you will then have 
proper temper. 

goes on inside a piece of steel while it 
b but you are going to be more 
— you can see. Color change is 
hanges As heat is applied uniformly 
no color change is apparent until a 


temperature of about 400^" F. is reached. At that point a faint 
straw color appears on the surface. You will notice, as you 
continue the application of heat, various surface color changes. 
These color changes continue as the degree of heat increases. 

Here’s an experiment that will make you a bit more familiar 
with the color changes that occur as steel heats. Cut a piece of 
cold-rolled bar stock 2 by 1 by inches. If that is not avail- 
able, brighten a piece of strap iron of approximately those dimen- 
sions on an emery wheel. Be certain that the surface is bright 
and clean. Now heat a fire brick in your forge for about five 
minutes. Place your test piece, bright side up, on the brick. 
Watch it carefully. As the heat radiates from the brick to the 
metal, the color of the metal will change — first a pale straw, and 
then on up to and through a light blue. As the metal absorbs 
more heat, the light blue color fades out and no color is visible. 
Upon further application of heat, your test piece will continue 
to change color. 

If you are the Metalsmith on a small ship, or on a ship that is 
not equipped with a heat-treating furnace with controllers, color 
will be the only method you’ll have to determine the tempera- 
ture of the metal you are treating. Practice and experience 
alone can make you good at estimating temperatures. Color is 
a rough estimate at best, but you’ll have plenty of chances to 
use this knowledge and experience in times of emergency. 

Another visual change which you will observe when the 
piece reaches a temperature near 1600° F. is scaling. This 
scale is identical to rust. YouVe seen scrap iron that has been 
exposed to the weather for long periods of time, and youVe 
noticed the burnt crumbling appearance. This is an example 
of oxidation. Scaling is the same thing — the difference being 
that it occurs faster than ordinary rusting. At high tempera- 
tures this rusting or oxidizing process is greatly accelerated. 



internal changes are p fa 

of soft 0.43 pe«ent carbon sS LT o ^ 

eniarpO the view of the ^tctio^thrid eiZTruMht 

like the view shown in figure 45, ' ^ ^ 


«gure 45. — MJcroscopic view of soft (unhardenedl 0 A'i 

magnified 1,000 times. * Carbon steel 


Tk steel had been h. 

^ m the gram structure (see figure 46) 







steel during heating, you would observe that the grain size is 
smallest at about 1300° F. or just as it reaches its critical point. 
The higher the steel is heated above this temperature, the more 
the grain will grow in size. Figure 47 illustrates grain growth 
resulting from heat. The fractures of steel show the different 
sizes of crystals which have resulted from heating the same steel 
to different temperatures. The specimen at the left was heated 
to 2300° F. The specimen at the right was heated to the critical 
point. Those specimens between were heated to temperatures 
varying from 2300° F. to the critical point. 

In all your work as a practical heat-treater, your greatest 
concern will be the critical point of the metal or alloy you are 


Figure 46. — Microscopic view of hardened 0.43 percent carbon steel not tempered. 
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Figure 47. — Grain growth resulting from heat. 


treating. You must know the critical point and the alloying 
ingredients before you start any heat-treating operation. 
Additional information covering heat-treating for most metals 
is given in the following table . 

If you have special steels or alloys to treat, a letter to the 
manufacturer will bring you all the information that you need. 

FORMS OF HEAT TREATMENT 

The most common forms of heat-treating for ferrous metals 
are: annealing, normalizing, hardening, tempering, and case- 
hardening. As a Metalsmith 3 or 2 you are not going to be held 
responsible for casehardening, but if you do have the chance to 
pick up a little practical experience in casehardening under the 
guidance of an experienced Metalsmith, don’t pass up the 
opportunity. 

Annealing is used to reduce stresses, induce softness, change 
ductility, or to improve grain structure. The greatest softness 
you can get in metal results from heating it to a point above 
the critical temperature, holding it at this temperature until 
the grain structure has been refined, and then cooling it slowly. ' 
The most important step in annealing is to raise the temperature 
of the metal to the critical point, as this will remove any hard- 
ness that may exist in the piece of steel. Refer to figure 42, 
and read from the chart the critical point for the particular 
type of steel that you are working. Any strains that may have 
been set up in the piece of steel by previous heat-treatment will 
be eliminated when you have heated the steel to its critical point 


PRIMARY HEAT-TREATING HINTS 
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it to its Io\VGSt hurdnCiSS liy slow ooolin^*’ Jn 
annealing steel, you must remember never to heat it to more 
than 50° to 75° F. above its critical point. Also, if the piece 
you are working is large, you are going to have to allow suffi- 
cient time for the heat to penetrate . 

Steel is usually annealed for the following purposes: 

1. To increase its ductility. 

2. To refine the crystalline structure and to remove stresses. 

Ductility is increased by decreasing hardness and brittleness! 

In other words, when steel is made softer it is more workable 
You can also alter other physical properties of a piece of steel! 
such as its magnetism or electric conductivity, by annealing. 

Refining the crystalline structure of steel simply means 
changing the internal structure by a process of heating and 
cooling in such a manner as to remove any stresses or strains 
that may have been set up in a piece of .steel by cold working 
forging, welding, or usage. ' ’ 


Remember that in annealing, as in all heat-treatment, the 
temperature of the operation and the rate of cooling depend on 
the material that you are treating and the purpose for which 
you are treating it. 

If you have heat-treating equipment aboard your ship, the 
process of annealing can be done with accuracy. Just check 
the chart for the critical point of the percent carbon steel you 
are about to work. Heat it slowly in your furnace to a tempera- 
ture 50° to 75° F. above the critical range. Hold (soak) the piece 
tor a sufficient period of time to insure uniform temperature 
throughout the piece— about 1 hour for each inch of sectional 
thickness (small tools require only 30 minutes) . Now, assuming 
that you have heated the part to be annealed to the proper 
temperature, you’ll have to decide on a' method for cooling. 

you want a full anneal, that is, if you want the piece to be as 
soft a,s IS possible, seal the piece in the furnace and allow it to 
cool down to room temperature with the furnace. This may 
take 24 to 36 hours. The other method that is commonly used 
IS called packing. To pack, remove the piece from the furnace, 

fiS and bury it in an annealing box 

filled with asbestos, or slaked lime, making sure that you leave 
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the piece completely covered 16 to 24 hours, depending upon 
its size. Be sure that the material in your annealing box is 
perfectly dry. 


FIRE CLAY SEAL 



PACKING MATERIAL 

Figure 48. — Cross sectional view of annealing box. 

To avoid scaling or decarburization (burning) , you may have 
to use the box-annealing (pack-annealing) method for some 
materials. In this method, you place the piece to be annealed 
in a metal box. Completely surround the piece with cast iron 
chips and seal the box with fire clay. The box is then placed in 
the furnace, heated, held, and allowed to cool in the sealed 
furnace as previously described for steel. This method is used 
when surface finish is important. 

You may not be fortunate enough to have an annealing 
furnace. In that case, you will have to use a forge or a torch 
when you have annealing to do. The operation is the same, 
but you’ll have to exert a lot more caution in heating and hold- 
ing. On your furnace, you set your controller and it insures 
the correct temperature. With a forge or torch, you are the 
controller. You’ll need to be especially careful to: 

1. Avoid overheating the metal. Overheating causes in- 
creased grain size and there is danger of burning the metal 
and decarburizing the surface. 

2. Have everything ready to make the transfer from the 
forge to the annealing box. 

3. Make that transfer as quickly as possible, avoiding drafts 
of air which cause uneven cooling. Uneven cooling is 
responsible for warpage, strains, and fractures. 
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Although steel is the material which you will most often be 
called upon to treat, it is not the only material. Other alloys 
require different annealing operations . An outstanding example 
of an alloy that requires an entirely different treatment for 
annealing is duralumin. Duralumin is composed of 94 percent 
aluminum, 4 percent copper, and approximately 1 percent each 
of magnesium and manganese. This alloy is annealed by first 
heatmg it to 986° F. It is then cooled rapidly by quenching 
in water. For a short period of 45 minutes it is in a plastic 
condition and can be bent, rolled, and worked cold. Beyond 
this interval it becomes hard and cannot be further worked 
without repeating the heaUreatment. This example empha- 
sizes the need for knowing exactly the material you are treating 

Amealing is a frequent and important process for softening 
nonferrous alloys and pure metals after they have been hardened 
by cold work. Annealing restores the ductility, relieves internal 
stresses, controls grain size, and, in the case of copper and 
alummum, restores electrical conductivity. Following is a list 
of the more common metals with instructions for anup aling each- 

1 . Copper: Heat to 925° F. Quench in water. Temperatures 
as low as 500° F. relieve most of the stresses and strains. 

2. ^uminum: Heat to 750° F. Cool in open air. Reduces 
hardness and strength but increases electrical conductivity. 

3. Zinc: Heat to 400° F. Cool in open, still air. 

4. Brass: Annealing to relieve stress may be accomplished 
as low as 600° F. Fuller anneals may be accomplished with 
mcreased temperatures. Larger grain size and loss of 
strength will result from too high temperatures. Do not 
^eal at temperatures exceeding 1300° F. Brass should 
be cooled to room temperature slowly. Either wrap the 
prt with asbestos cloth, or bury in slaked lime or other 
heat-retarding material . 

5. Bronze: Heat to 1400° F . Cool in open furnace to 500° F. 
or placd in a pan to avoid uneven cooling caused by drafts 

including monel: Heat to between 

7 quenching in water or oil. 

. Nickel-molybdenum-iron and nickel-molybdenum-chrom- 
lum-iron alloys (known commerciaUy as stellite): Heat 
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to between 2100° and 2150° F. Hold at this temperature 
a suitable time, depending on thickness. Follow by rapid 

cooling in a quenching medium. 

8. Stainless Steel (Cr. 18% Ni. 8%): Full anneal— heat to 
between 2000° and 2200° F. Cool rapidly. Partial anneal 
— ^heat to between 1600° and 1700° F. 

9. Stainless Steel (Cr. 25% Ni. 20%) : Heat to between 2000° 
and 2100° F. Do not soak. Cool in still air. 

10. Stainless Steel (Cr. 8.5% Ni. 22%) : Heat to between 1650° 
and 1750° F. Do not soak. Cool slowly to room tempera- 
ture. 

11. Cast Iron: Heat slowly to between 800° and 1800° F., de- 
pending on composition. Hold at temperature for 30 
minutes, and cool slowly in furnace or annealing box. 

Remember your first trip up on the bridge? One of the many 
navigational instruments you saw there was the magnetic 
compass. Perhaps you noticed the quadrantal spheres, or balls, 
used to compensate deviation and error of the compass. Before 
they can do their job correctly, they must be free of magnetism. 
That’s where you come in. Periodically, the Quartermaster 
will bring these balls to the metal shop for annealing. The 
balls are made of gray cast iron and the treatment you give them 
is a partial anneal. Heat the spheres slowly to the proper 
temperature, hold at that temperature for 30 minutes, and cool 
slowly in the furnace or the annealing box. This treatment will 
disperse the magnetic field without the sacrifice of strength of 
the casting. 

The quadrantal spheres are only one application of cast iron 
heat-treatment. If your purpose for heat-treatment is to 
relieve stresses and strains set up by welding or other causes, 
you w ill use the same treatment as for the spheres , but if your 
purpose is to soften for machinability, you then use a tempera- 
ture of between 1400° and 1500° F. Highly alloyed casting 
may need temperatures up to 1800° F. Care must be exerted 
in heating and holding to prevent oxidation. In all cast iron 
aimealing processes, slow cooling is recommended. 

Ask yourself these questions before you begin any annealing 
operation; 
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1. What metal or alloy do I have to treat? 

2. What is its critical point? 

3. Am I annealing to relieve stress, to aid machining, or to 
alter magnetic or electrical properties? 

4. What upper temperature shall I use? 

5. How long shall I "hold” at the upper temperature? 

6. Which method and rate of cooling shall I use? 

When you have answered these questions and have made all 
preparations, you are ready for the annealing operation. 

Normalizing involves a slightly different heat-treatment 
from annealing, but it may be classed as a form of annealing. 
It is a process whereby iron base metals are heated above their 
critical temperatures to get a better solubility of carbon in the 
iron, followed by cooling in still air. The process removes all 
strains due to machining, forging, bending, and welding. You 
can do noimalizing only with a good furnace where the tempera- 
tures and atmosphere can be closely regulated and held con- 
stant throughout the entire operation. A reducing atmosphere 
wll normalize metal with a very small amount of oxide scale- 
but an oxidizing atmosphere will leave the metal heavily coated 
with scale. This outside scale will prevent outside hardness in 
any other hardening process. The term “decarburization” is 
used to describe this surface condition of metal when it has had 
a portion of the carbon content of the surface burned out. The 
effect of decarburization is shown in figure 49. 



Figure 49. — Deearburized surface of overheated steel. 


In the illustration, the light-colored left edge shows the 
deearburized skin of the piece of steel. This condition of the 

98 


skin of metal is not confined to the normalizing operation, but 
can and does occur in heating for annealing and hardening as 
well. It is well to bear in mind that a piece of steel designed for 
a particular job will have to be machined to certain dimensions. 
The machining must remove the decarburized surface without 
reducing the piece to less than the required dimensions. On the 
other hand, though, all of the decarburized surface must be 
removed from the surface of the piece when it has been ma- 
chined to the required dimensions. Always select an oversized 
piece of metal which will allow for this machining. This extra 
metal is called an ^^allowable tolerance.” Remember that you 
can control this burning or decarburizing considerably by the 
.use of neutral or slightly carburizing atmospheres in the furnace. 
If you have an oil-fired forge instead of the latest thing in heat- 
treating furnaces to work with, be sure that you do not have 
an excessive blast of air going into the firebox. You may have 
only a multiple-tip heating torch or a Hauck Burner. If so, you 
then must exercise great care to avoid decarburization. 

Some alloys, such as the chromium types, are normalized 
prior to regular heat-treatment operations. Normalizing softens 
steel somewhat, but it does not affect its strength to any great 
extent. ■ 

The precautions applicable to annealing also apply to normal- 
izing. These are the steps to be remembered : 

1 . Heat the piece to be normalized to a point 50° to 100° F. 
above its critical point. 

2. Hold the piece at this point until the heat has had time to 
soak through to the center of the section. Avoid prolonged 
soaking of the metal at high temperatures as this will cause 
the grain structure to enlarge. 

3. Remove from the furnace and cool in still air. Avoid 
drafts. They will result in uneven cooling which will again 
set up strains in the metal. 

Hardening of metals and alloys can be done in several ways. 
Copper is hardened by roiling or working, but steel requires a 
different process. To harden steel, you must heat the metal 
to a little more than its critical temperature, then cool it rapidly 
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by quenching it in oil, water, or brine. This treatment gives 
the steel a fine grain structure, extreme hardness, greater tensile 
strength, and le^ ductility. Steel, after being hardened, is 
generally too brittle for most practical uses, although this 
treatment is the first step in the production of high strength 
stocl. 

If you are to harden steel with success, you must observe the 
following factors: 

1 . CONTROLOVER THE RATBOF HE.\TiNG.— Control is necessary 
specifically to prevent cracking of thick and irregular 
sections. 


2. Thorough and uniform hb.atingto the correct hard- 
ening TEMPERATURE.— The length of time required for 
soaking will depend upon the size of the section of metal 
being treated. 

3 . Control of furnace atmosphere.— Certain steels require 
accurate control of the atmosphere to prevent scaling and 
decarburization, 

4. Suitable quenching media.-A good quenching medium 

must have the^ correct heat-capacity, viscosity, and 
temperature if it is to harden the metal adequately without 
cracking it. 

Most of your work in hardening is going to be with carhcx 
^ol steels. These steels contain from 0.7 to 1 .5 percent carbon. 
T e treatment of all steels in this class is the same except for the 
variation in critical point. The critical point in hardening, as 
m a ea -treating, determines the temperature to which the 
steel must be heated. You can determine this point from the 
criticd range temperature chart for carbon steel sho™ in figure 

between 1350° and 

in v«r^' steels are supplied in the unhardened condition, 

n various sizes and shapes, such as rods and bars. They can 

S its unhtT^^r? or machining. 

In Its unhardened state, tool steel is of little value - but when it 

that demonstrates the properties of hardness and toughness 
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that can be developed in carbon steel through the hardening 
and tempering treatments. Carbon tool steel is hardened by 
slow heating to a point 50® to 100® F. above the critical tempera- 
ture, and sudden cooling by quenching in water or oil. It is 
well to remember that the critical points of steel vary with the 
alloying ingredients. In carbon tool steel, the higher the 
carbon content of the steel, the lower the critical point. 

Quenching is a process of rapid cooling of heated metal by 
placing the piece of metal in water, oil, or some other quenching 
medium. Any solution used for the cooling of metal in the heat- 
treating process is referred to as a quenching medium. A 
number of liquids may be used for quenching steel. Both the 
quenching medium and the form of the bath depend largely on the 
nature of the work to be cooled. It is important that you have 
enough of the medium to cool your metal without changing the 
temperature of the bath. This is especially important when you 
have a number of pieces to quench, one after the other. 

It is hard to keep steel from warping and cracking during the 
quenching process because certain parts of the metal cool more 
rapidly than others. When the change in temperature is not 
uniform, internal strains are set up which may be sufficient to 
cause warpage or cracking. Odd or irregularly-shaped pieces 
^re more likely to be affected by internal strains than are even 
,;>cotions. Forging and machining also may set up internal 
strains in steel parts and it is therefore advisable to normalize 
these articles before attempting to harden them. To reduce 
the tendency of steel parts to warp you should pay special 
attention to the following recommendations: 

1 . Dip the article to be quenched into the bath. Never throw 
it in or alloAv it to lie on the bottom of the bath. If you 
let the part lie on the bottom of the bath, it is likely to 
cool faster on the top than on the bottom, thus causing it 
to warp or crack. 

2. The part that you quench should never be allowed to 
remain still in the bath as the heat will cause a coating of 
vapor to be formed around the part which will prevent it 
from cooling rapidly. Keep it moving. This stirring 
allows the bath to convey the heat to the atmosphere. 
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3 The piece should be quenched in such a manner that all 
of its parts will be cooled uniformly and with the least 
possible distortion. Such parts as a gear wheel or shaft 
should be quenched in a vertical position . 

4. Odd shaped steel parts should be dipped, or immersed, in 
such a manner that the thickest sections will enter the 
bath first. 

Quenching media commonly used are fresh water, salt brine', 
and oil. 




Figure 50. — Effects of quenching media on steel. 

Water is often used as a quenching medium. It is not ideal, 
however, because of the bubbles which form on the surface of 
the tool or part being quenched, especially in holes or recesses. 
These bubbles retard the cooling process and cause soft spots 
which are likely to weaken the steel. If you do use water, be 
sure to keep the object being quenched moving to avoid as much 
as possible the formation of gas around the metal part. The 
water bath should be kept at about 70^ F., as extremely cold 
water may warp or crack the steel, and water above this 
temperature will not produce the required hardness. 
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Salt brine is much better for a quenching bath than fresh 
water. When the brine is quiet (not in motion) it is referred 
to as still brine. The most satisfactory brine bath is made 
by dissolving ordinary salt in water until a 5 to 10 percent solu- 
tion is obtained; The salt in the water causes the water to 
“take hold^l and wet the heated steel tool or part all over im- 
mediately. This wetting causes the quenching to proceed 
uniformly. Brine also “throws scale’^ better and usually gives 
you a cleaner tool or part. 

Oil is slower-acting than water. This characteristic makes 
its use an advantage when quenching heated steel as it will 
greatly reduce the tendency of the steel to warp or crack when 
quenched. Unfortunately, though, parts made of high carbon 
steel will not develop their greatest possible hardness when 
quenched in oil unless they are quite thin. Oil is best to use, 
however, when it will produce the required hardness. 

Oil quenches should have a high flash point, low viscosity, 
and a constant composition. They should be kept at tempera- 
toes of from 140° to 160° F. 

Quenching baths may be made with agitators to keep the 
quenching media circulating, or they may be designed for con- 
tinuous circulation by means of a circulating pump . You'll 
have to keep your bath at the proper temperature by the best 
means at your disposal. For example, if your quenching bath 
is too cool, you can heat it with hot pieces of scrap metal 
until the proper temperature is reached. Here are a few points 
that you should know : 

1 . The quenching rate of the medium drops as its temperature 
rises. ^ 

2. Near the boiling point, the quenching medium has less 
than 10 percent of the quenching rate, or the ability to 
cool, that it has at 68° F. 

3 . More heat will be carried away if the piece is kept moving 
about in the bath. This carrying away of heat is called 
heat dissipation. 

Certain of the iron base alloys are classed water-hardening 
while others are classed oil-hardening. Some of the high speed 
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steels are called air-hardening. Again, as in any phase of heat- 
treating, you must know just what kind of metal or alloy that 
you are working with. If you make the mistake of quenching 
an oil-hardening tool in water, you will in all probability crack 
the tool. The action of the faster rate of cooling of water is too 
harsh and abrupt for alloys classed as oil-hardening metals. 
Plain carbon steels have a high rate of cooling, so cooling by 
quenching canT be too fast for them. Additions of alloying 
elements to steels lower their critical cooling rate, and thereby 
require the use of a quenching medium that has a slower cooling 
rate. 

If there is any doubt in your mind about the method of 
heating and cooling required for a particular piece of metal, 
your best clue is to find out the stock number for that particular 
piece of metal. From the stock number you can find the Navy 
specifications for that stock. The specifications will give you 
the information that you need concerning the alloying con- 
stituents and tensile strength of the metal. From this informa- 
tion you can judge the critical temperatures, and the best 
method for heating and cooling by comparing the metal in 
question with another metal, for which you know the proper 
treatment. . 

Hardness, distortion, and internal stresses are all results of 
the cooling rate. Oils, therefore, produce less distortion and 
fewer stresses in steel than other quenching media. Mineral 
oils are generally used for quenching as they are less expensive 
than other oils. Also they are of a more stable nature than 
other oils; that is, they are not so subject to decomposition. 

Tempering, also called drawing, is a process which is gen- 
.erally applied to steel to relieve the strains that are brought 
about during the hardening process. Tempering is done by 
heating the hardened steel to a temperature below the critical 
range, holding this temperature for sufficient time for it to 
completely penetrate the piece, and then cooling in water, oil, 
or air. In this process, as in the other heat-treating processes, as 
you gain one property you lose others. For example, in tempering 
you improve the ductility and toughness, but in doing this you 
lose some of the tensile strength, yield strength, and hardness. 
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The temperature to which you will reheat hardened steel is 
determined by the degree of hardness and toughness desired. 
The tempering range is from 400® F. to a point just below the 
critical point. (The upper temperature is usually about 1000® 
F.) Tools for which cutting edges are desired are not tempered 
above 600® to 700® F. A file is a cutting tool which may be 
very hard and brittle. Since it receives little shock or pressure, 
brittleness is no disadvantage. A chisel, on the other hand, is 
subjected to tremendous shock, and it must be tough—not 
brittle — and its head must be soft to receive the blows. You^ll 
soon learn by trial the degree of heat to which a tool must be 
tempered. You can be guided by the following table which 
gives the tempering heats for various tools in degrees Fahrenheit. 


Temperatures for tempering various tools 


■ .. DEGREES FAHRENHEIT 

■ TOOL '■■■■■ 

400° 

Hammer faces, machine cutting tools. 
Taps and dies. 

Punches, reamers, dies, knives. 

Twist drills. 

460° 

480° 

500° 

520° 

Drift pins, punches. 

Cold chisels. 

540° 

550° 

Screw drivers, springs. 


Again we have the problem of controlling the heat. In this 
case, it is the tempering or reheat temperature. If you have a 
tempering furnace you only have to set the controlling devices. 
If you donT have one, you must improvise and complete the 
hardening and tempering treatment as best you can. Several 
methods of reheat are possible in any sort of shop setup. You 
will of course have to use what you have. One method of reheat 
is the firebrick method. You used it to run out the heat color 
earlier in this chapter. These heat colors will be your only 
guide to temperature, when you use reheat methods of this 
type. Another good way of reheating for tempering is shown 
in figure 51. 

You have a metal box filled with sand. The source of heat is 
an oxyacetylene or other type of torch. The hardened tool, 
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Figure 51. A method of reheat for tempering chisels, punches, etc. 


m this case a center punch, must have a bright clean surface or 
the heat colors won’t indicate the true temperature. First, 
therefore, rub the tapered end of the punch briskly with emery 
cloth until it is bright and clean. Then insert it in the hot sand, 
head doum. The heat of the sand is absorbed by the head-end 
of the tool and travels up to the point by conduction. As 
more and more heat is absorbed by the tool the point gets 
hotter. You will notice the color change on the brightly 
polished end. When the desired temperature is reached, the 
color indicating that temperature appears on the point of the 
tool. This temperature should be about 480° F., or a deep 
straw color. Now remove the punch, using a pair of “pick-up 
tongs (see figure 348) and quench it. This is done to prevent 
more than the desired amount of heat from reaching the point 
Because of the varying amounts of heat that have been attained 
in the tool from head to point, a varying degree of hardness 
wi be present in the tool. The point will be hard and capable 
of penetrating metals, the shank will be tough, and the head 

will be soft enough to withstand the continued blow of a 
hammer. 

Another method is often used with chisels. Bring 2)^ or 3 
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inches of the cutting edge of the tool up to hardening tempera- 
ture. Quench the tool by plunging about 1 or 2 inches of the 
heated end into the quenching medium, jiggling rapidly in an 
up-and-down and forward-and-backward motion at the same 
time, being sure to keep the point immersed J^-inch in the 
quench tank (figure 52) at all times. 



When the metal is cooled down to a black heat (900® to 950® 
F.), remove the tool from the quench tank, quickly polish the 
tapered end with an emery board (figure 53), and watch the 
temper color “run out^’ until the desired color appears (usually 
a dark blue) . Quench the entire tool to stop further heating of 
the cutting edge. 

It is well to remember that ever^^ chisel you see is not a water- 
hardening chisel. Many are manufactured from special alloys 
and are oil-hardening. Most chisels of this type have directions 
for treating stamped on the shank as follows: 1350 W 400 or 
1600 0, The first means to heat to 1350® F., quench in vater, 
and temper at 400® F. The second means to heat to 1600® F., 
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and quench in oil. It isn’t necessary to temper this tool, as it 
IS a special alloy. Other alloy chisels will have different direc- 
tions stamped on the shank, which is another reason why you 
must pay attention to the rule. Know the metal you are 
working! Generally it is safe to assume that an unmarked 
chisel is a carbon steel water-hardening tool, but give it a spark 
test to identify it (see chapter 5). 

Toughening: The only difference between this operation and 
tempering is that higher drawing (reheat) temperatures are 
used (700° to 1300° F.) in toughening. This operation is used 
when the property of hardness is unimportant and shock- 
resistance and toughness are desired. 



HEAT-TREATING EQUIPMENT 

Equipment needed for heat-treating consists of a suitable 
means for bringing the metal to the required temperature, a 
temperature measuring device, and a quenching medium. Heat 
may be supplied by a forge or welding torch; however, youTl 
find the job a lot easier done and a lot better done if you have 
a heat-treating furnace to work with. 

The equipment that you have will determine to a great ex- 
tent the manner in which you perform the various heat-treating 
operations. Your method of temperature control will greatly 
influence the results that you will obtain. The more rigid the 
control you are able to maintain, the more uniform your work 
will be. Most likely you wonT have all of the most modern 
equipment with which to work, and if this is the case, you will 
have to depend on your eye to judge heat. Surprisingly good 
work is done by experienced heat-treaters using the ^^eye of 
judgment.^’ With sufficient experience, you too can become 
adept at this method of determining temperature. 

Fleet repair ships are equipped with either oil-fired, gas-fired, 
or electrically heated air furnaces capable of reaching tempera- 
tures up to 2400° F. ‘ 

Oil- and gas-fired furnaces are so constructed that the 
fire box is inclosed in a casing of steel plates, electrically welded 
together and mounted on a steel frame. The lining of the 
furnace is made of firebrick, insulated by a couple of inches of 
magnesia. The magnesia lets the firebrick expand without 
danger of damaging the steel casing. The heating chamber is 
made of semirefractory brick which allows for quick heating. 
The hearth plates are usually made of heat-resisting alloy with 
suitable flanges for holding the work in place. Furnaces are 
made in such a way as to keep the same temperature throughout 
all parts of the heating chamber. 

Electrically heated furnaces are found most frequently 
aboard Navy ships. Usually the heat-treater aboard the 
modern submarine tender will have two heat-treating furnaces 
like the one shown in figure 54. 

Electrically heated furnaces have the advantage of being 


109 



High temperoture controlled atmosphere box furnace. 
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resistor type. Metal resistors are used where temperatures 
don’t go over 2000"^ F. Carbon resistors are used for higher 
temperatures. 

If your ship happens to have two furnaces, one of them is 
most likety used for low-temperature operation. Most heat- 
treatment can be done in this furnace. The other is a smaller, 
but higher-temperature. furnace, capable of heating to the high 
temperatures necessary for some of the high speed and special 
alloy steels. 

Bath FURNACES are often used for small parts that have been 
machine-finished that have to be heat-treated. Parts that 
are too large to be treated in a closed furnace may be treated 
in a bath furnace. A bath furnace is simply a melting pot filled 
with molten salt, lead, or oil, and surrounded by fire brick. 
The bath is kept at the required temperatures by means of 
electrical-resistors. Figure 55 is a schematic drawing of a bath 
furnace. 


AUTOMATIC TEMPERATURE CONTROL 
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Lead and oil bath furnaces are used principally for tempering, 
while salts may be procured for any temperature range. How- 
ever, it is well to remember that low-temperature tempering 
salts are not capable of withstanding temperatures needed for 
high-alloy steel hardening. Parts heated in the salt bath are 
free from scaling, but you’ll have to be very careful to remove 

all traces of the salt after the treatment. 

Generally, shops equipped with salt bath furnaces will have 
three furnaces in addition to the lower heat tempering baths 
that may be available. The temperature ranges for the three 
baths will be as follows: 1000° to 1550° F.; 1450° to 1950° F.; 
1800° to 2350° F. Considerably less time is required for heating 
with the bath furnace than with'air furnaces. When the salt 
bath furnace is used, the piece is completely immersed in the 
solution . This excludes air from the piece so no sealing can 
occur, and the piece will be bright and clean. 

Devices for measuring and controlling temperature 
are very important. Temperature variation of a few degrees 
one way or the other may seriously affect the physical properties 
of the metal you are working. In order to get good results you’ll 
use a thermoelectric instrument known as a pyrometer to 
measure the temperature of the metal being heated. 

A PYROMETER cousists of a thermocouple, extension leads, 
and a meter. It works like this. If you twist or weld two wires 
made of different metals together and heat them, you wdll gen- 
erate an electromotive force or voltage. Now you can measure 
this voltage by connecting the cold ends of the wire to a galvano- 
meter that is sensitive enough to read in thousandths of a volt. 
Here is where mathematics comes in. The voltage that you 
have measured is proportional to the difference in temperature 
between the hot and cold ends. In other words, the hotter the 
wires get, the more voltage is generated. Now, as the pyro- 
meter has been marked off in degrees instead of electrical units, 
it measures heat. 

The thermocouple used in pyrometers for measuring tempera- 
tures up to 2000° F. is generally of lower-priced iron, copper, 
nickel, or chromium. The more expensive platinum and rare 
metal combination may be used up to a temperature of 3000° F. 
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The thermocouple is the portion of the pyrometer that is in- 
serted in the heat-treating oven to measure temperature. In 
bath furnaces the thermocouple is inserted in the molten 
solution itself. 

Alloy extension leads are made of the same material as the 
couple. In effect; you might consider the thermocouple as 
extending from the furnace to the meter. By the use of leads, 
you can put the meter far enough away from the furnace that 
the cold ends wonT be affected by the sudden changes in tem- 
perature. These leads are carried in parallel and are covered 
with heat-resisting insulation. 


THERMOCOUPLE 
(DISSIMILAR METALS) 



The meter in the pyrometer does not really indicate the 
temperature of the hot end of the thermocouple, but registers 
the difference in temperature between the hot and cold end. 
This means that the temperature of the cold end has to be known 
and held constant. This is taken care of automatically, either 
by a thermostat which operates a control spring to make the 
correction automatically, or by a zero adjuster which you must 
operate by hand. 

Pyrometers may be of either the indicating or the recording 
type. The indicating type of pyrometer must be read while the 
heating is being done. The recording type makes a permanent 
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record of the temperature range throughout the heating opera- 
tion . On modern furnaces you’ll find pyrometers which you can 
set at any desired temperature to regulate the heating. An 
instrument of this kind is called “controller potentiometer 
pyrometers.” Many gas and oil-fired furnaces and most electric 
furnaces are equipped with controllers which regulate and main- 
tain any desired heat within range of the furnace design. 




manual furnished by the manufacturer. The log room or the 
repair office has instruction manuals for every piece of equip- 
ment in your shop. Study them and become familiar with the 
installation aboard your ship or station. 

Equipment for quenching baths consists of tanks, circu- 
lating pumps, and coolers. Tanks must be large enough to 
allow the liquids to remain at about room temperature. If you 
do a lot of quenching, you will probably have circulating pumps 
and coolers to keep fairly constant temperatures. 

ATMOSPHERE CONTROL 

Proper atmosphere control is essential to good heat-treating. 
Some heat-treating furnaces have an atmosphere control unit 
'attached. Figure 59 shows a furnace of this type. 

A cross sectional view of the controlled atmosphere hardening 
furnace is shown in figure 58. The construction of all air fur- 
naces is similar, but you can find the exact details of the con- 






Figure 60. — Burning wood cube to determine furnace atmosphere. 


stmction of your furnace in the manufacturer's instruction 
manual along with instructions for operating the furnace. 

The main purpose of atmosphere control is to keep the metal 
from oxidizing. Either a neutral or slightly reducing atmos- 
phere will serve this purpose. A neutral atmosphere is one 
^^|hich has no excess of either fuel or air. A reducing atmosphere 
has an excess of combustible gases. It is the oxidizing atmos- 
phere, which contains an excess of air that must be guarded 
against. 

After a little experience you will be able to judge the atrqios- 
phere by the character of the flame. A long, lazy flame indi- 
cates excess fuel or a reducing atmosphere, while a blue flame 
at the burner, short and /^sharp,'^ indicates an excess of air or 
"^^ "yizing atmosphere. 

Atmospheres can also be judged by observing the smoke, 
flame, and burning of small 5i-inch cubes of wood as shown in 
figure 60. The character of the burning cube changes from that 
of charring in a reducing atmosphere to that of rapid burning, 

the oxygen, or ratio of air to fuel, is increased. 

Figure 61 shows the difference in surface appearance between 
a high speed cutter treated in a reducing atmosphere and one 
' X in an oxidizing atmosphere, 
change the atmosphere from oxidizing to neutral or to 
slija'htly reducing, increase the ratio of fuel to air. On oil- or 
^^^arning furnaces this is done by adjusting the fuel and air 
'vhich control the heat of the furnace. On the electric 
furnace, atmosphere is adjusted by fuel and air valves on an 
atmosphere control unit attached to the furnace. 
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Figure 61. — Cutters hardened in oxidizing and reducing atmospheres. 


Each steel has its correct atmosphere. 

1 . High-speed steel— a reducing atmosphere (exce 

2. Alloy steel hardening from 1650° to 1800° F.- 
atmosphere. 

A desirable atmosphere for high-speed and a 
may be obtained by pumping an inert gas, such 
into the furnace chamber. Helium permits nc 
or similar chemical action at any temnerature 


... .uau m SICK Day. Treat any piece of metal 
^smith shop or heat-treating shop with respect, 
hoh Keep h.\nds off! .Just as more people get si 
oaded guns than with loaded ones, more people a 
ith cold pieces of metal than with hot ones. 
leck on those fire extinguishers too. A hot piece 
3p^d carelessly can cause a lot of trouble in a migh 
^ Don t forget to watch out for the other people aroiu 
your responsibility to make them keep off 
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QUIZ 

Select the one best answer to each of the following statements. 

1 . Controlled structural changes within a metal are obtained by — 

(a) Shaping. 

(b) Machining, 

(c) Bending. 

(d) Treating with heat. 

2. If a metal can be easily drawn, stamped, or hammered out thin, it is 
said— ' 

(a) To be highly resistant to pulling forces. 

(5) To be resistant to scratches, cuts, etc. 

(c) To have good ductility. 

(d) To have machinability. 

3 . The term which describes the ease with which metal is turned, 
milled, planed; etc., is — 

(a) Ductility. 

(6) Machinability. 

(c) Compressibility. 

(d) Malleability. 

4. The term which best describes that property of metal which enables 
it to withstand shock, endure strains and stresses, and to be deformed 
without breaking is — 

(a) Toughness. 

(h) Hardness. 

(c) Ductility. 

(d) Tensile strength. 

5. The proper order of the three steps in heat-treating, based on pre- 
determined and specified factors; are — 

(a) Heating-holding-cooling. 

(fe) Holding-heating-cooling. 

(c) Heating-cooling-soaking. 

(d) Soaking-holding-cooling. 

6. Holding a metal at a constant temperature for a specified time is 
called — 

(a) Tempering. 

(b) Heating. 

(r) Soaking. 

(d) Hardening. 

948341 0—51— —U 119 


i 






7. The internal grain size of steel will be — 

(a) Largest at a high temperature. 

* (5) Largest at the critical point. 

(c) Smallest at a high temperature. 

(d) Constant throughout all heating temperatures. 

8. The process used to reduce stresses, induce softness, change ductility, 
or refine the grain structure of a metal is called — 

(а) Soaking. 

(б) Annealing. 

(c) Hardening. 

(d) Tempering. 

9. Ductility of steel can be increased by — 

(a) Soaking. 

(b) Hardening. 

(c) Carburizing. 

(d) Annealing. 

10. If done in the furnace, the cooling process to obtain a full anneal of 
steel will take — 

(a) One hour for each inch of sectional thickness. 

(b) 16 to IShours. 

(c) 16 to 20 hours. 

(d) 24 to 36 hours. 

11. If steel is over-heated during the annealing process, the surface may 
be — 

(а) Normalized. 

(б) Decarburized. 

(c) Soaked. 

(d) Case hardened. 

12. The cooling process during the annealing of copper is — 

(a) Performed quickly by quenching in water. 

(b) The same as for steel. 

(c) Accomplished by packing. 

(d) The same as for aluminum. 

13. ^Magnetism can be dispersed from cast iron by — 

(a) Hardening. 

(b) Quenching. 

(c) Tempering, 

(d) Annealing, 
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14. When a part of the carbon content of a metal surface has been burned 
out, the term identifying this condition is — 

(а) Decalescence. 

(б) Decarburization. 

(c) Recalescence. 

(d) Normalization. 

15. The first step in the treatment of tool steel is — 

(а) Hardening. 

(б) Normalizing. 

(c) Tempering. 

(d) Annealing. 

16. A process of rapid cooling of heated metal is called — 

(a) Drawing. 

(5) Quenching. 

(c) Normalizing. 

(d) Carburizing. 

17. Hardening of a metal is accomplished by heating to a little more 
than its critical temperature, then allowing to cool — 

(a) By packing. 

(b) By sealing in furnace. 

(c) Rapidly by quenching. 

(d) In still air. 

18. The quenching medium which greatly reduces the warping tendency of 
steel is — 

(fit) Oil. 

(6) Sait brine. 

(c) Water. 

(d) Slack lime. 

19. Even though frequently used, water is not an ideal quenching medium 
since cooling is retarded because of — 

(а) Soft spots. 

(б) Scale. 

(c) Bubbles. 

(d) Soaking, 

20. The article being quenched or the quenching bath should be — 

(a) Kept circulating. 

(5) Subjected to alternating temperatures. 

(c) Surrounded with a vapor blanket. 

(d) At a temperature near the metaFs critical point 
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21. Hardness, distortion, and internal stresses of a metal are the results 
of the — 

(a) Type of preheating. 

(5) Postheating methods. 

(c) Tempering process. 

(d) Cooling rate. 

22. Strains due to the hardening process are relieved by a process called . 

(o) Quenching. 

(5) Tempering. 

(c) Annealing. 

(d) Normalizing. 

23. Tempering temperatures of hand tools will vary according to the 
desired degree of — 

(a) Hardness and toughness. 

(6) Tensile strength. 

(c) Ductility. 

(d) Yield strength. 

24. A good method of reheating for tempering a hand tool is by — 

(a) Direct torch application. 

(b) Soaking in a molten metal bath. 

(c) Conduction in heated sand. 

(d) Sealing in a furnace for several hours. 

25. A temperature measuring device used on heat-treating equipment 
is the — 

(a) Thermocouple. 

(5) Thermometer. 

(c) Thermostat. 

(d) Pyrometer. 

26. The temperature measuring device used on heat-treating equipment 
indicates the — 

(a) Temperature at hot end of thermocouple. 

(6) Difference in temperature between hot and cold 
thermocouple ends. 

(c) Temperature at cold end of thermocouple. 

(d) Atmospheric temperature. 

27. The main purpose of an atmosphere control during heat-treating 
... ■ is to — ■" ' 

(a) Prevent oxidizing. 

(5) Normalize internal stresses. 

(c) Neutralize poisonous gases. 

(d) Reduce combustible gases. 
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28. A furnace atmosphere which has no excess of either fuel or air is 
. ■ called — ' 

(a) Oxidizing. 

(5) Reducing. 

(c) Normal. 

(d) Neutral. 

29. A furnace atmosphere which has an excess of combustible gases is — 

(a) Normal. 

(b) Neutral. 

(c) Reducing. 

(d) Oxidizing. 

30. A furnace atmosphere change from oxidizing to slightly reducing can 
be accomplished by — ■ 

(a) Increasing the ratio of air to fuel. 

(h) Increasing the ratio of fuel to air. 

(c) Adding a jet of water to fuel-air supply. 

(d) Closing the air valve. 
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CHAPTER 5 

METAL TESTS 


Have you ever bitten a coin to see if it was genuine? Or, 
perhaps you have dropped a coin on the deck to find out what 
it was made of. Maybe you didn^t realize it at the time, but 
you were testing a metal to find out whether it was nickel, 
copper, silver, or a substitute for one of those (counterfeit). 
Tests almost as simple have been devised for the identification 
of metals. These are the color code, the appearance of the 
metal, the chip test, the spark test, and the gas-welding torch 
test. These are discussed in the following pages. Other tests 
are made to determine the various properties of metals — ^hard- 
ness, brittleness, elasticity, malleability, and the strength of 
various types. These include the various kinds of hardness 
tests, tensile strength tests, compression tests, shear tests, bend 
tests, fatigue tests, and cupping tests. For some of these tests 
you will have no equipment. But as long as you are a 
Metalsmith you will be hearing references to metal identifica- 
tion tests, and it^s a good idea to know what they are all about. 
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Some of these tests you will find possible to make with little or 
no equipment. They will be of such convenience and use to you 
that you will be using them often. 

TESTING FOR IDENTIFICATION 

You carry an I. D. ' card at. .all times. It tells your name, 
height, weight, age,, the color of your eyes and hair, and gives a 
likeness of you.' These are your 'characteristics. They identify 
you from all other sailors... Metals also have identifying char- 
acteristics that are sometimes, referred to as properties. . 

The following discussion of ' properties and tests will help yoU' 
to identify most of the metals with which jmu will work. 


COLOR CODE 


You have five senses: the sense of sight, touch, smell, taste, 
and hearing. Through these senses you gain experiences. Your 
senses are your tools. You will use one or more of your senses 
quite often to identify the metal in question, but most fre- 


Figure 62. — Metals have an K D. card. 
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quently you will be depending upon your sense of sight. You 
will be able to look at the color of an unknown metal and match 
it with the color of a known metalt thereby identifying it: The 
following chart will help you fix the colors of the most common 
metals in mind. 


METALS 

OUTSIDE 

APPEARANCE 

NEWLY 

FRACTURED 

SURFACE 

. FRESHLY 
FILED SURFACE 

White cast iron 

Dull gray 

Silvery white 
crystalline 

Silvery white 

Gray cast iron 

Dull gray 

Dark silvery 
crystalline 

Light silvery 
':gray , 

Malleable iron 

Dull gray 

Fine crystaliine 
dark gray 

Light silvery 
gi’ay 

Wrought iron 

Light gray ! 

Bright gray 

: Light silvery 
gray 

Low-carbon and 
cast steel 

Dark gray 

Bright gray 

Bright silvery 
gi'ay 

High-carbon steel 

Dark gray 

Light gray | 

Bright silvery 

gray 

Stainless steel 

1 Dark gray 

Medium gray 

Bright silvery 

Copper 

i Reddish brown 
' to green 

Bright red 

Bright copper 
color 

Brass and bronze 

Reddish yellow, 
yellow green, 
brown 

Red to yellow 

Reddish yellow 
to yellow 
white 

Aluminum 

Light gray 

Fine crystalline 
white 

White 

Monel metal 

Dark gray 

Light gray 

Light gray 

Nickel 

Dark gray 

Off white 

Bright silvery 
white 

Lead 

White to gray 

Light gray and 
crystalline 

White 


Figure 63. — Color code for the identification of metals. 


APPEARANCE 

Examining the outside unfinished surface of a metal is not 
always sufficient evidence to classify it, but does make it pos- 
sible to classify the metal into a group, thereby limiting the 
additional tests needed for classification. The color of the 
metal will put it into a class. This classification is further 
broken down by examining the surface. If it shows forging 
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marks or the evidence of a mold, it is likely low-carbon or cast 
steel. Or if the outer surface shows rolling or forging marks, 
the metal may be high-carbon steel. The outer surface of 
aluminum shows evidence of having been rolled or molded. 
Stainless steel in the unfinished state is only slightly rough. 
Wrought iron, copper, brass or bronze, moner metal, and nickel 
all have smooth outer unfinished surfaces, while lead, although 
smooth, gives the appearance of being velvety. The iron group, 
white cast iron, gray cast iron, and malleable iron, will show the 
evidence of a sand mold in their unfinished state. 

If color and appearance are still not sufficient evidence upon 
which to base your classification, then you should resort to the 
chip test, or the spark test. 

CHIP TEST 

The chip test is made by removing a small amount of mate- 
rial from the sample of metal with a sharp cold chisel. The 
material removed will vary from small broken fragments to a 
continuous strip. The chip may have smooth sharp edges. It 
may be coarse-grained or fine-grained. Or it may have sawlike 
edges where it has been cut. The size of the chip is important in 
identifying the metal. The ease with which chipping takes 
place is important in the identification of the sample. This 
method is another that is largely a result of practice. Try chip- 
ping various metals of known kinds. Examine the chips until 
you are sure you can recognize them the next time you have 
occasion to see them. 

The foilowdng information will help you to recognize the 
more common metals : 

1. White cast iron . — Chips come off in small fragments. It is 
brittle, and the chipped surface is not smooth. 

2. Gray cast iron . — The chips are about in length. It is 
not easily chipped as the chips break off, preventing a 
smooth cut. 

3. Malleable iron . — The chips are not as small as cast iron, 
being from y^' to I" in length. It is tough and hard to 
chip. 
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4. Wrought iron. — The chips have a smooth edge and may be 
continuous if desired. It is soft and easily cut or chipped. 

5. Low-carhon and cast steel. — The chips have smooth edges 
and may be continuous if desired. It is easily cut or 
chipped. 

6. High-carbon steel. — The chips show fine-grain fracture. 
Their edges are lighter in color than those of low-carbon 
steel, and they may be continuous if desired. The metal is 
hard but can be chipped. 

7. Copper. — The chips are smooth, have vSaw edges where 
cut, and can be continuous where desired. It is easily cut. 

8. Brass and bronze. — The chips are smooth and have saw 
edges. It is difficult to obtain a continuous chip. Brass 
and bronze are easily cut but more brittle than copper. 

9. Aluminum and alumimmi alloys. — The chips are smooth, 
have saw edges, and can be continuous if desired. 

10. Monel metal. — The chips have smooth edges, and may be 
continuous if desired. It chips easily. 

11. Nickel. — The chips have smooth edges and can be con- 
tinuous if desired. It chips easily. 

12. Lead.— Any shape of chip may be obtained because of the 
softness of the metal. It is soft enough to cut with a knife. 

THE SPARK TEST 

The spark test is made by holding a sample of the material 
against a power grinder. The sparks given off, or the lack of 
sparks, assist in identifying the metal. The length of the spark 
stream, its color, and the type of sparks are the features for 
which you should look. There are four fundamental spark 
forms produced by holding a sample of metal against a power 
grinder (see figure 64). A shows shafts, bud, break, and arrow. 
The arrow or spearhead is characteristic of molybdenum, a 
metallic element of the chromium group which resembles iron 
and is used for forming steel-like alloys with carbon. The 
swelling or buds in the spark line indicate nickel with molyb- 
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Figure 64* — Fundamental spark forms. 


denum. B shows shafts and sprigs or sparklers which indicate 
a high carbon content. C shows shafts, forks, and sprigs which 





indicate a medium carbon content. D shows shafts and forks 
which indicate a low carbon content. 

To make the spark test, hold the piece of metal on the wheel 
in such a manner as to throw the spark stream about 12 inches 
at a right angle to your line of vision. You will need to spend 
a little time to discover at just what pressure you must hold the 
sample to get a stream of this length without reducing the speed 
of the grinder. It is important that you do not press too hard 
because the pressure will increase the temperature of the spark 
stream and the burst. It will also give the appearance of a 
higher carbon content than that of the metal actually being 
tested. After practicing to get the feel of correct pressure on 
the wheel until you’re sure you have it, select a couple of samples 
of metal with widely varying characteristics; for example, low- 
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Figure 65. — Sparks produced from low-carbon and cast steel. 

carbon steel and high-carbon steel. Hold first one then the 
other against the wheel, always being careful to strike the same 
portion of the wheel with each piece. With the eyes focused at 
a point about one-third of the distance from the tail end of the 
stream of sparks, watching only those sparks which cross the 
line of vision, you will find that after a little while you will form 
a mental image of the individual spark. After you can fix the 
spark image in mind, you are ready to examine the whole spark 
picture. 

Notice that the spark stream is long (about 70 inches nor- 
mally) and that the volume is moderately large in low-carbon 
steel, while in high-carbon steel the stream is shorter (about 55 
inches) and large in volume. The few ‘sparklers which may 
occur at any place in low-carbon steel are forked, while in 



high-carbon steel the sparklers are small and repeating and 
some of the shafts may be forked. Both will produce a white 
spark stream. 

White cast iron produces a spark stream approximately 20 
inches in length (see figure 67) . The volume of sparks is small 
with many small and repeating sparklers. The color of the 
spark stream close to the wheel is red, while the outer end of 
the stream is straw-colored. 



Figure 66. — Sparks produced from high-carbon steel. 



Figure 67.' — Sparks produced from white cast Iron. 


Gray cast iron produces a stream of sparks about 25 inches 
in length. It is small in volume with fewer sparklers than 
white cast iron. The sparklers are small and repeating. Part 
of the stream near the grinding wheel is red, and the outer end 
of the stream is straw-coloted (see figure 68). 

The malleable iron spark test ‘will produce a spark stream, 
about 30 inches in length. It is of a moderate volume with 
many small, repeating sparklers toward the end of the stream. 
The entire stream is straw-colored. 
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Figure 68. — Sparks produced from gray cast Iron. 


Figure 70. — Sparks produced from wrought iron. 


Figure 69. — Sparks produced from malleable iron. 


The wrought iron spark test produces a spark stream about 
65 inches in length. The stream is of large volume with few 
sparklers. The sparklers show up toward the end of the stream 
and are forked. The stream next to the grinding wheel is 
straw-colored, while the outer end of the stream is a bright red. 


Stainless steel produces a spark stream approximately 50 
inches in length of moderate volume with few sparklers. The 
sparklers are forked. The stream next to the wheel is straw- 
colored while at the end it is white. 





Figure 71, — Sparks produced from stoiniess steel. 


Nickel produces a spark stream only about 10 inches in 
length. It is small in volume and orange in color. The sparks 
form wavy streaks with no sparklers. 



Figure 72. — Sparks produced from nickel. 


Monel metal forms a spark stream almost identical to that of 
nickel, and must be identified by other means. Copper, brass, 
bronze, and lead form no sparks on the grinding wheel, but they 
are easily identified by other means, such as color, appearance, 
and chip tests. 

You will find the spark tests easy and convenient to make. 
They require no special equipment and are adaptable to most 
any situation. Here again, experience is the best teacher. 

GAS- WELDING TORCH TEST 

With the aid of an acetylene gas-welding torch, the Metal- 
smith can identify the various metals by studying the rate of 
melting, the appearance of the molten metal and slag, as well 
as any color changes occurring during heating. When working 
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metal, study the following reactions and watch for them until 
you have them well in mind. 

White cast iron. — White cast iron melts at a moderate rate 
and becomes a dull red before melting A medium film of 
quiet, tough slag develops. The molten metal is fluid, watery, 
reddish white, and does not show sparks. The depressio:' 
under the flame disappears when the flame is removed. 

Gray cast iron. — The puddle of molten metal is quiet, vef ; 
fluid, and watery. When the torch flame is raised, the depres- 
sion in the surface of the metal disappears instantly. A heavy, 
tough film forms on the surface as it melts. The molten puddle 
takes time to solidify and gives off no sparks. 

Malleable iron. — Malleable iron melts at a moderate rate 
under the blowpipe and becomes red before melting. A medium 
film of slag develops which is quiet and tough, but can be broken 
up. The molten puddle is fluid, watery, and straw-colored. 
It boils and leaves blowholes. The outside bright steel-like 
band gives off sparks, but the center does not. 

Wrought iron . — Wrought iron melts quietly and rapidly under 
the blowpipe without sparking. It becomes a bright red before 
melting. It has a peculiar slag coating, oily or greasy in appear- 
ance, with white lines. The molten puddle is liquid and straw- 
colored. It is quiet and easily broken up. The molten puddle 
is not viscous and is usually quiet, although it may have a 
tendency to spark. 

Low-carbon and cast steel. — The steel gives off sparks when 
melted, and solidifies quickly, almost instantly. It melts quickly 
under the blowpipe and becomes bright red before melting. The 
slag is similar to the molten metal and is quiet. The molten 
puddle is liquid, straw-colored, and it sparks. 

High-carbon steel. — The molten metal is brighter than in the 
case of low-carbon steel, and the melting surface has a cellular 
appearance. It sparks more freely than mild steel, and the 
sparks are whiter. It melts quickly under the blowpipe and 
becomes bright red before melting. The slag is similar to the 
molten metal and is quiet. 
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Stainless steel . — The action under the flame varies with the 
alloy. 

Copper — Copper melts slowly under the flame and may turn 
black anu then red. The copper color may become intense 
before melting. There is little slag. The molten puddle has a 

irror-like surface directly under the flame and a tendency to 
bubble. On account of good heat-conducting properties, a 

rger flame is required to produce fusion of copper than would 
be needed for a steel piece of the same size. Copper containing 
small amounts of other metal melts more easily and solidifies 
more slowly than pure copper. 

Brass and bronze . — Brass and bronze melt quite rapidly under 
the flame and become noticeably red before melting. True 
brasses contain zinc, which gives off white fumes when the brass 
is melted. Bronze contains tin. Even a slight amount of tin 
makes the alloy flow freely like water. Because of a small 
amount of zinc which is usually present, bronze may fume 
slightly, but never as much as brass. 

Aluminum . — Aluminum and its alloys melt faster than steel 
with no apparent change in color. The stiff black scum which 
forms is usually quiet. The molten puddle is the same color as 
the unheated metal and is fluid. The black scum forming on 
the surface tends to mix with the metal and is difficult to 
remove. 

Monel metal . — Monel melts more slowly than steel and 
becomes red before melting. It flows clearly without any 
sparklers. The slag forms a gray scum in considerable amounts 
and is quiet and hard to break up. The molten puddle is fluid 
under the slag and quiet. A heavy black scale is formed on 
cooling. 

Nickel . — Nickel melts more slowly than steel and becomes red 
before melting. The slag in the form of gray scum is quiet and 
hard to break up. The molten puddle is fluid under the slag 
and quiet. 

Lead.— Lead melts at a very low temperature with no appar- 
ent change in color. The melted metal becomes covered with 
a thin, dull gray slm coating. The molten metal is white and 
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fluid under the slag, but may boil if too hot, giving off poison- 
ous fumes. Avoid breathing these fumes. 


HARDNESS TESTS 


Most metals possess some degree of hardness — that is, the 
ability to resist penetration by another material. Metals which 
are considered hard are both solid and firm. They resist 
scratching or wear. 


Hardness. 


Many methods have been evolved for measuring hardness 
Each has its particular features and all are frequently used 


They will be taken up in the order of their importance to you. 
For most practical purposes the file haedness test will be the 
one that you will be using. You will find quite frequent refer- 
ence made to the eockwell and bbinell hardness numbers in 
your study of metals and tools. If you have duty with a repair 
ship or on shore establishments with an organization mainly 
concerned with inspection of Navy materials or certain supplies, 
you will have occasion to become familiar with some of the other 
types of hardness tests. Figure 74 is a table 'which is used to 
convert hardness as measured by one method to hardness as 
measured by another commonly used method. 
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Figure 74. — Hardness conversion table. 


“FILE— OSOPHY” 


The simplest of all the methods of testing hardness is the file 
haebness TEST. This is also the oldest and most useful of the 
testing methods. To determine whether or not a metal is hard, 
you grasp the handle of the file in your right hand, with the index 
finger extended along the file, and rub the surface to be tested 
slowly but firmly with the sharp teeth. As soon as you discover 
whether the file will bite, remove it. The metal to be tested 
may be held in the left hand and rested on a bench, or held in a 
vise. The simplicity of this method makes it especially valuable 
for repeated consecutive tests, such as testing the hardness of 
teeth on a gear. This test is probably better for testing wearing 
metals such as gears than for testing cutting tools, since the 
cutting or abrasion made by the file closely resembles the wear 
on moving machine parts. It has been found that often a 
chisel or other cutting tool will give good service although it is 
soft enough to be cut with a file. 

There are three factors that influence comparisons of file 
hardness. These are: 

1. The size, shape, and hardness of the file. 

2. The speed, pressure, and angle of the file while making 
the test. 

3. The composition of the metal being tested and the heat- 
treatment to which it has been put. 

A special file made for testing will eliminate in part the error 
that is involved in file testing. For beginners, a master test 
block may be used to advantage. That is, try the file on a block 
of the desired hardness and then, by comparison, you can dis- 
cover whether the metal to be tested is softer, harder, or just 
the same as the master test block. At any rate, the file chosen 
should be uniform and standard. A 10-inch mill bastard file is 
a good file to use. 

The speed, pressure, and angle of the file while making the 
test is controlled by the skill of the workman. The slower the 
speed, the more accurate the test. High speed; will wear off 
both the surface of the file and the part to be tested, thus giving 
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the false impression of being soft. Light pressure and high speed 
will wear away the surface faster than heavy pressure and low 
speed. If your tests are to be of any value, they must be made 
at the same speed and pressure. A narrow surface will cut 
faster than a broad surface. It is better to clamp the part to be 
tested in a vise so you can test with the file at the same angle at 
all times. . 

Different metals with the same hardness will file differently. 
For example, quenched-earbon steel parts, with a Rockwell 
C-60, cannot be cut with a 10-inch mill bastard file, while 
chromium steel parts with a Rockwell C-62-64 will often cut 
easily. (See section on Rockwell hardness testing.) One leading 
American manufacturer states that his files, made especially for 
testing, will not cut straight carbon tool steel immediately after 
drastic quenching, but will cut it after it is tempered to 376 ^¥. 
although the Rockwell hardness remains the same. 

In short, we may say that if the material is cut by the file 
with extreme ease and tends’ to clog the spaces between the file 
teeth, it is very soft. If the material offers some resistance to 
the cutting action of the file and tends to clog the file teeth, it is 
SOFT. If the material offers considerable resistance to the file 
but can be filed by repeated effort, it is hard and may or may 
not have been heat-treated. If the material can be removed by 
extreme effort and in small quantities by the file teeth, it is very 
HARD and has probably been heat-treated. If the file slides over 
the material and the file teeth are dulled, the material is ex- 
tremely HARD and has been heat-treated. 

File testing is an art acquired by experience. It is not a 
scientific method. The greatest objection to the use of the file 
test is that no accurate records can be kept. But it can be used 
very successfully, especially when no other instrument is suit- 
able or available; for example, for testing the hardness of the 
inside of holes, bottoms of grooves, and on oddly shaped pieces 
that are inaccessable to machines. The skilled Metalsmith who 
uses a file for testing soon learns to allow for the factors that 
might influence the test, and finds the file test an extremely 
useful measure of hardness. The required skill is not difficult 
to acquire. 


ROCKWELL HARDNESS TEST 

Of all hardness tests the Rockwell probably gets most fre- 
quent mention. Its principle is one of measuring the indenta- 
tion in a piece of metal made by a ball or cone of a given size 
under a given pressure. A 120° diamond cone is used to make 
impressions in the harder metals, and a i^-inch steel ball is used 
for the softer metals. A dead weight, acting through a series of 
levers, is used to press the cone or ball into the surface of the 
metal to be tested. Then the depth of penetration is measured. 
The softer the metal is the deeper the impression will be under a 
given load. The average depth of penetration on the softest 
steel is only about ,008 of an inch. The hardness is indicated 
on a dial indicating the Rockwell B and the Rockwell C hardness 
scales. The harder the metal the higher the Rock’well number 
will be. For testing hard steels, the diamond point should be 
used and should be read on the C scale. For nonferrous metals 
the R ball is used and read on the B scale. Figure 75 shows the 
Rockwell tester and the numbers in the figure correspond to 
those following to show how it is used. 

1. Place the piece to be tested on the testing table. The 
testing table is also called the anvil. 

2. Turn the wheel elevating the testing table until the piece 
to be tested comes in contact with the testing cone or bail. 
Continue to turn until the penetrator grips the sample. 

3. Turn the retaining flange on the dial face of the gauge to 
set the dial zero behind the pointer. 

4. Push the handle back an inch to release the weights and 
apply the major load, which is 150 kg. for hard metals 
tested with diamond cone. Weights of 100 kg. are used for 
testing softer metals with the steel ball. 

5. Pull the handle forward, thereby removing the major but 
not the minor load. This will leave the bail in contact with 
the specimen but not under pressure. 

6. Observe whei^e the moving pointer comes to rest. 

7. Read the Rockwell hardness number on the dial. 



Figure 75. — The Rockwell tester. 


BRINELL HARDNESS TEST 


Where the Brinell hardness testing machine (see figure 76) can 
be used, it furnishes a convenient and reliable hardness test. 
It is not suitable for thin or small pieces. The measure of hard- 
ness is determined by the resistance it offers to the penetration 

of a steel ball under pressure. The Brinell hardness number is 
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found by measuring the distance the ball is forced into the piece 
tested under a given pressure. The greater the distance, the 
softer the metal and the lower the Brinell number will be. The 
width of the indentation is measured with a microscope and the 
hardness number corresponding with this width is found by 
consulting a standard chart. This machine is most valuable for 
testing soft and medium-hard metals and for testing large 
pieces. On hard steel the imprint of the ball is so small that it 
is dfficult to read. 



Figure 76. — The Brinell Hardness testing machine. 
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THE SCLEROSCOPE HARDNESS TEST 

If you were to place a mattress on the deck and drop two 
rubber balls from the same height, one on the mattress and one 
on the deck, the one dropped on the deck would bounce higher. 
This is because the deck is the harder of the two surfaces. Now 
this is the principle upon which the Scleroscope w'orks. In the 
Scleroscope hardness test a diamond-pointed hammer is dropped 
through a guiding glass tube onto the test piece and the rebound 
(bounce) is checked on a scale. The harder the metal being 
tested, the higher the hammer will rebound and the higher will 
be the number on the scale. The Scleroscope is portable and 
can be used to test the hardness of pieces too big to be placed on 
the anvil or tables of other machines. Since it is portable and 
can be held in the hand, it may be used to test the hardness of 
large guns, and of marine and other forgings that cannot be 
mounted on stationary machines. Another advantage of the 
Scleroscope is that it can be used without doing damage to 
finished surfaces. The main disadvantage of this machine is its 
inaccuracy. The accuracy of the Scleroscope depends upon the 
following factors: 

1 . Small pieces do not have the necessary backing and cannot 
be held rigidly enough to give accurate readings. 

2. If large sections are not rigid, if they are oddly shaped, if 
they have overhanging sections, or if they are hollow, the 
readings may be in error. 

3. If oil-hardened parts are tested, oil may creep up the glass 
tube and interfere with the drop of the diamond-pointed 
hammer in the instrument, thus causing error. 

THE MONOTRON HARDNESS TEST 

The Monotron Hardness Tester w^orks on the same principle 
as the Rockwell and Brinell machines. You probably won’t be 
using this test as it is not commonly used aboard ship. How- 
ever, as a Metalsmith you will find it of interest to know' some- 
thing of all tests used in connection with metals. Essentially, it 
consists of a diamond cone or a steel bail. This ball is forced 
into the metal by a static load. The main difference between 


this and other machines is that the hardness of a metal is deter- 
mined by the amount of pressure required to force the cone or 
ball to a given depth. This feature makes this machine valuable 
for testing materials other than metals. It serves to eliminate 
errors involved in other methods caused by confusion of elastic 
recovery. Elastic recovery is that property of metal which 
causes it to return to its original shape after being bent^ com- 
pressed, or stretched. 



Figure 77. — The Scleroscope hardness testing machine. 

In other words, in tests where it is necessary to read the width 
or depth of penetration in a metal, this reading may not be 
accurate because metal, being more or less elastic, tends to 
return to the original shape, thus changing the depth and width 
of the penetration. 
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THE VICKERS DIAMOND PYRAMID HARDNESS TEST 

The principles involved in testing hardness with the Vickers 
Diamond Pyramid and the Brinell testing machines are almost 
identical. The difference lies in the fact that the indenter of the 
Vickers machine is a diamond accurately cut and polished to the 
shape of a square-based pyramid, which makes it accurate for 
testing thin sheets as well as the hardest steels. The disadvan- 



irigvre 78. — Elasticity. 


tage of this machine is that it must be operated with care, 
because it is a machine of precision. Also, the surfaces to be 
tested must be prepared very carefully. This, like the Mono- 
tron hardness test, is one of the less common hardness tests. 


THE MICROCHARACTER HARDNESS TEST 

The Microcharacter test is used for testing areas of metals so 
small (no larger than one square inch) that it can be done only 
with the aid of a microscope. It is also used for testing thin 
layers of metal. The instrument was originally designed for 
studying bearing alloys; but now it is generally used by skilled 
metallurgists, mainly for research. The principle is the meas- 
urement of a cut of microscopic dimension made in the metal by 
a diamond finely ground to the shape of a solid right angle or 
of the corner of a cube. 

PHYSICAL TESTING OF METALS 

The physical tests discussed in the following pages are used to 
test the quality of metal, including weld metal. They may also 
be used to check the skill of the welder. These tests may be 
described as destructive tests because the test specimens must 
be loaded until they fail before the desired information can be 
gained. For welds, the tensile test is the oldest and most com- 
monly used. But the bend te^:^_rcveai the most valuable in- 
formation as to the properties and quality of the welded joint. 

Other methods of testing, in which the piece tested is not 
destroyed, include X-ray, gamma-ray, electrical resistance, 
magna-flux, hydrostatic, and acid-etch tests. 

TENSILE TESTS 

Tensile strength may be defined as resistance to longitudinal 
stress or pull, or as stress in pounds per square inch of cross- 
sectional area. 

Tensile tests are made to determine the tensile strength of a 
given specimen of m'ital. Figure 80 shows a tension test speci- 
men which has been tested. The specimen shown is composed 
entirely of alloy steel weld metal and has been machined round 
for the test. Before breaking in a typical ^'cup^^ and ^ cone” 
fracture, the specimen '^necked” or drew down and stretched or 
elongated considerably. This indicates a good specimen. 
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Figure 79. — Tensile strength. 


Tensile tests are also used to test the strength of welds, a 
sample or specimen like the one in figure 81 is cut from a welded 
section of plate or other material for making this test. 


Figure 80, — Tension test specimen which has parted. 


Most of your welded construction aboard ship must have 
certain tensile strength. The usual procedure for determining 
tensile strength is to insert the specimen between the jaws of a 
pull test machine like the one in figure 82 , and increase the pull 
(tension) gradually until the metal breaks, the width and the 
thickness of the specimen having been measured before testing. 
The machine indicates the load or pull in pounds at the point 




of breaking. To find the tensile strength of the specimen, first 
determine its cross sectional area in square inches. Then — 

Tensile Strength expressed in pounds per square 


TENSILE 
lOAD = L 



TENSION TEST 
SPECIMEN 



r- • TENSILE LOAD L 

TENSILE STRENGTH 


Figure 81, — Tension test of welded metal. 

In addition to the portable-type testing machine, the Navy 
uses on some shore stations a stationary-type tensile testing 
machine. The portable machine operates on the hydraulic 



Figure 82. — AIrco portable tensile and bend testing machine, 


principle nnd is capable of bending as well as pulling the speci- 
mens. As the specimen is being tested, the load in pounds is 
registered on a gauge located on one side of the portable-type 
machine. In the stationary-type machine, the load applied to 
the test specimen is registered on a balancing beam. In either 
case, the load at the point of breaking is recorded. 

The usual requirement for tensile test of welds is that the 
weld must test not less than 90 percent of the tensile strength 
of the base metal. 

You will be hearing the term tensile strength often, but it 
isn’t difficult. Just remember that tensile strength is that prop- 
erty of the metal which resists pulling forces that would tend to 


Figure 83. — Bending strength. 


puli ttie metal apart, and tensile tests are the measurement 
of that force. 

BEND TESTS 

Bend tests, used for measuring the various qualities of welds, 
are of several kinds; free bend, back bend, and guided bend. 

The FREE BEND TEST has been devised to measure the ductility 
of the weld metal deposited in a welded joint. (Ductility is 
that property of a metal which makes it capable of being drawn 
out or hammered thiU; see figure 91.) The test is very simple 
to perform and may be done with the tools at hand in any shop. 
Take a test specimen like the one in figure 84. Grind the top of 
the weld flush with the surface of the base metal. On the face 
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scribe a line 14 m from each edge of the weld. Measure 
the distance between the lines in inches to the nearest .01 inch. 
Let the resulting figure equal X, 








X 100 == 7 : FIONCATION 


Figure 84. — Free bend test. 

Prepare the specimen for test as shown in figure 85 by bend- 
ing the piece slightly one-third of its length from either end. 
Now you are ready to place the piece in a machine or vise and 
continue the test. Pieces }4 Inch in thickness or less may be 
tested in a vise. Exert compressive force on the specimen until 
a crack or cracks greater than I 4 inch appear. If no cracks 
appear, continue to bend until the specimen is bent to 180° ' 
and flattened. After testing, the distance between the scribed 
lines is again measured on the specimen with a flexib' 
rule. (See the fourth step in the illustration in figure 8^i .y Kyo/i..- 
this last measurement 7. Now you have the necessary data 
figure the percent of elongation. Here is your method. 


Y -X 


% of elongation 


The requirements for this test are that the minimum elongation 
be 15 percent and that no cracks greater than 1/16 inch exi 
the face of the weld. 



The BACK BEND TEST is used to determine the quality of the 
weld metal and the degree of penetration into the root of the 
V of the welded joint. The specimens used are similar to those 
required for the free bend test, except that they are bent with 
the root of the weld on the tension side (outside) of the bend. 
The specimens tested are required to bend 90° without breaking 
apart. The back bend test, as well as the free bend test, is 
being largely replaced by the guided bend test. 

The guided bend test is used to determine the quality of 
weld metal at the face and root of a welded joint, as well as the 
degree of penetration and fusion into the base metal. These 
tests are made in a jig. The test specimen is placed across the 
supports of the die. A plunger, operated from above by hydrau- 
lic pressure, forces the specimen into the die. To fulfill the 
requirement of this test, the specimen must bend to the capacity 
of the jig or 180 degrees. No cracks should appear on the sur- 
face greater than Vs inch. The face bend tests are made in 
this jig with the face of the weld in tension (outside). The 
rmt bend tests are made with the root of the weld in tension 
(outside) as shown in figure 85. 
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Figure 86 shows a machine used for making the guided bend 
test. Many of these machines are used in welding schools and 
testing laboratories for the daily testing of specimens. 



Figure 86. — Testing machine for making guided bend tests. 


This machine is simple in construction and easy to use. It 
works by hydraulic pressure and can apply a direct load up to 
40,000 pounds, and even more on small specimens. When 
making the test, place the specimen in position in the machine 
as previously indicated and pump the lever of the pump . Keep 
your eye on the large gauge and watch the load grow. You will 
know the actual load under which the test; piece fails by the 
position of an auxiliary hand which is carried along by the gauge 
pointer. The hand remains at the point of maximum load after 
the pointer returns to zero. 


NICK-BREAK TEST 


Another test used for welds and weld metals is the nick- 
break test. It is used to determine the soundness and ductility 
of weld metal, although less frequently than the guided bend 
test. It reveals slag inclusions, gas pockets, lack of fusion, or 
other internal defects in weld metal. 



The specimen is made from a welded joint either by machin- 
ing or cutting with an oxyacetylene torch. Each edge of the 
weld is slotted with a saw. The piece thus prepared is placed 
on two steel blocks and is struck with a hammer (see figure 87 ). 
After repeated hammering, the weld between the slots will 
break, exposing the interior of the weld metal. The exposed 
metal should be completely fused and free from slag inclusions. 
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The size of any gas pocket must not be greater than 1/16 inch 
across the greatest dimension. There should not be more than 
six gas pockets per square inch of weld surface. 

THE X-RAY TEST 

The X-ray test is used to find internal defects in welds with- 
out destroying the weld. This test is used primarily as a check 
on the welder’s skill, and is not ordinarily made by the Aletal- 
smith. Such defects as cracks, slag inclusions, blowholes, and 
places where the metal did not fuse may be found by this test. 
This method of testing is applied to such welds as those made 
in the hull of a submarine. The method consists of placing an 
X-ray tube on one side of the plate and a photographic film on 
the other. An exposure ranging from a few seconds to fifteen 
minutes is used, depending upon the thickness of the plate being 
examined and the power of the tube. When the film is devel- 
oped, the defects show up as black spots or bands. This method 
is the best of the nondestructive tests for welds. Figure 88 is an 
X-ray of a butt-welded joint, showing porosity and poor root 
penetration. 





OTHER NONDESTRUCTIVE WELD TESTS 

The GAMMA-RAY TESTS are made by the same principle as the 
X-rajj the difference being that the gamma rays come from a 
particle of radium instead of an X-ray tube. Heavy plate welds 
may be tested by this method, but it takes considerably longer 
than with X-ray. Operators using either the X-ray or gamma 
ray apparatus must be thoroughly familiar with the properties 
of X-rays and radium. 

The ELECTRICAL RESISTANCE TEST is used on Small welds and 
small welded sections. The resistance to the flow of electric 
current is affected by slag or other foreign matter included in 
the weld. The current-carrying capacity for pure metal is 
compared with that of the weld metal for a similar test piece. 
The relative changes in the electric current-carrying capacities 
of the weld metal are used as a measure of its quality. 

The MAGNA-PLux TEST is a method used to find hair-like 
cracks on the surface of welds or plate. It may also be used to 
show defects below the surface to the depth of inch. The 
test piece is magnetized so that the magnetic field lies across the 
direction of the defects. A fine magnetic powder is then 
sprinkled on the surface. The magnetic field set up is inter- 
rupted by the defects causing north and south poles which 
attract the powder and make the outline of the defects visible. 

The HYDROSTATIC TEST is used to check the quality of welds on 
a closed vessel such as a tank. It is made by filling the tank 
with water and applying pressure. Any drop in pressure or 
the appearance of leakage at the joints indicates a faulty weld. 

The ACID-ETCH TEST is used to find fine cracks at the bottom 
of chipped-out areas in castings or welds. The acid reacts on 
the edges of cracks in the metal and thus makes them visible*. 

TESTING FOR OTHER PROPERTIES 

In addition to the tests previously mentioned in this chapter 
there are many other properties of metals which can be tested. 
Some of the more common of these tests are the fatigue tests, 
compression tests, cupping tests, and shear tests. It is sufficient 
to mention here only the purpose of these tests since they are 
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used by the more advanced metal workers. Your contact with 
these tests will be in terms of quality of tools and materials. 

Ha\'-e you ever bent a piece of sheet metal back and forth 
until it broke? Its breaking was a result of fatigue. Fatigue 
TE.STS measure the amount of bending back and forth that is 
necessary to bring a piece of metal to the breaking point with- 
out actually breaking it. Technically stated, the resistance of 
metallic materials to large numbers of repetitions of stress is 
known as fatigue. 







Figure 89. — Compression. 

Compression tests are used for testing bearing metals, for 
determining the general compressive strength of metals, and as 



a measure of the elasticity of metals. Compressive strength is 
that property of the metal which resists forces which tend to 
squeeze the metal together. This test is the reverse of the 
tensile strength test. 

The Navy uses The, single blow impact test to measure 
shock-resistance. This test is similar to the nick-break test for 
welds except that a machine with a heavy pendulum is used 
instead of a hammer. These machines will be found only on 
shore stations and in testing laboratories. 



Shear tests are used to measure shear strength. Shear 
strength is figured from the amount of pressure required to force 
a disc from the specimen with the use of a punch and die. Or 





it may be defined as that property of the metal which resists 
forces which tend to cut it in the manner of a pair of shears. 
Rivets are subjected to shear tension. 


Figure 91. — Ductility. 


Cupping tests are used as an index or measurement of ductil- 
ity or drawability in sheet metal. Test specimens are usually 
in the shape of squares, discs, or strips, and are of the same 
thickness as the sheet metal they represent. Although cupping 
tests have been used for many years, no generally accepted 
standards of tests have been agreed upon. Therefore the 
results of this test are of little more than general information 
value to you. 




Of course, you will not use all of these test every time you go 
into the shop to do a job, but you will be using some of them 
quite often. You have the knowledge that it takes to make 
many of these tests, and for most of them no special tools are 
needed. Use your senses, use your knowledge, and use your 
tools, and you will find that you won^t ever get caught with a 
counterfeit ■ article . 

QUIZ 

Complete the following statements (do not write in this book). 

1. The five tests devised for the identification of metals are 

, ( 3 )._ — , '( 4 ) — 

2. The features for which you would look in making a spark test are the 

length of the , its — , and the type 

■'■■•of, — 

3. In accomplishing a spark test, excessive pressure will increase the 

temperature of the spark stream and the burst, and give the appear- 
ance of a higher _ — content and a different metal from that 

actually being tested. 

4. There are — fundamental spark forms possible, depending 

upon the type of metal being tested. 

5. Items to study when using a welding torch to identify metal is the 

. — ^ — - — - of melting, the of the molten metal and slag, 

as well as any color changes oecuring during heating. 

6. Under the welding torch test, white cast iron melts at a moderate 

rate and becomes in color before melting. 

7. When torch testing malleable iron a — film of slag develops 

which is quiet and tough, 

8. Wrought iron melts quietly and rapidly under the torch blowpipe 

without — — . 

9. When doing the file hardness test, , pressure and 

speed will wear away the surface faster than pressure 

and speed. 

10. If file hardness tests are to be of any value they must be made at the 

''.same and — „ . ; ■ 

11. The Brinell Hardness Testing machine is most valuable for testing 

and medium hard metals. 

12. The main disadvantage of the Scleroscope Hardness Tester is its 




16! 


13. A piece of metal Iuib a;wki.th of 4'.ifiches am! a tliickrioHS of .625 inches 

and iias fieen submitted to'-- a '' tensile load cd 80,000 pounds. The 
tensile strength will be poumis per sf|uare incin 

14. When performing a tensile test on a rounri alloy steel \vei<i metal, an 

indication of good ductility is that before breaking it will 

15. A inetaiV. resistance to longifcudmai stress orptill is referred to as 

its strength, . ■ 

16. To fuifili the requirements of the Guided Bend. Test the specimen 

must bend . degrees. 

17. A test which mea.sures the amount of b«*nding f^ack and forth that is 

necessary to bring a piece of metal to thr» iu’eisking point ' without 
actually breaking it is c*ailed the^-~ lest. 

Select the one }>est aaswer to each of the following .sliit^unents. 

18. If a metal chips off in small fragments, is brittle, and the chipped 
surface is not smooth, it is identified as — 

(a) Low-carbon steel. 

(b) Malleable iron. 

(c) Wrought iron. 

(d) White cast iron. 

19. The spark test is ma<le by — 

(а) Striking together two metals of 
different metallic content. 

(б) Producing a spark gap with electricity. 

(c) Ilokiing the metal against a power grinder. 

(d) Placing metal in a lathe and applying a 
cutting stone. 

20. When spark testing low- and high-carbon steel, the color of the spark 
stream will be — 

(a) White. 

(b) Bright red. 

(c) Straw. 

(d) Orange. 

21. The test in which metal is subjected to a gradual load or pull increase 
until the metal breaks is the — 

(а) Compression test. 

(б) Impact test. 

(c) Tensile test. 

(d) Shear test. 

22. A test used to find internal defects in welds without destroying tiie 
weld is the — 

(а) Nick-Break Test, 

(б) X-Ray Test. 

(c) Vickers Diamond Pyramid Test. 

(d) Guided Bend Test. 
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SOLDERING WITH SOFT SOLDERS 


Man has been doing soldering for many centuries. The 
process has remained fundamentally the same, but a few im- 
provements in methods and tools have lightened the work 
considerably. The greatest improvement has been in heating 
methods. In medieval times the only source of heat was char- 
coal and the bellows. Later, coke and the forced draft were 
introduced. Later still, such modern heating methods as the 
gasoline blowtorch, automatic alcohol torch, blowpipe, gas 
oven, and the electric soldering copper were introduced. The 
most modern methods and tools are discussed here. 

Soldering is the simplest of the joining processes. It is a 
process of joining cast or fabricated metals at low temperature. 
This means the fastening together of two like or unlike metals 
by using another metal entirely different from one or both of 
the base metals without melting either one. Solders are used 
for joining iron, nickel, lead, tin, copper, zinc, and many of 
their alloys. Glass or porcelain may even be joined by soldering, 
provided their surfaces have first been coated with metal by 
spraying or some other method. 

Solders are classified as soft or hard. Soft solders differ from 
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hard soki(3rs (brazing solders and silver solders) in that the 
former are alloys that are fusible (capable of l)eing melted) at 
temperatures l)elow 700®F. 

One of the differences between the soldming process and the 
welding process is that in soldering, the metals to he joined are 
not heated to the melting point, whereas in welding they are 
heated to this point or above it. Therefore tfie melting [)oint of 
solder must be lower than that of the metals to !)e joined. Hoft 
solders are of low strength and are easily applied because of 
their low melting point. 

Solder is an alloy of two metals: lead and tin. Lead melts at 
621®F. Tin melts at 4G5®F. But tindeud (ol)/50 sohhu*) melts 
at 45(fB\, a lower temperature than the meltiiig temperature ()i 
either tin or lead. This half-and-half solder is the most effective 
for use in sheet metal work. Solder containing t)0 percent tin 
and 40 percent lead has a still lower melting ptjint , 300®F. For 
this reason it is especially well-suited for work on ligiil gage 
metal. The lower the temperature at which a solder can be 
worked, the less likely one is to heat the metal to h point that 
would cause rapid expansion, known as heat buckling. 

Solders are classified according to their tin content as com- 
mon, MEDiuivi, and fine. Common solder ha.s the least percent 
of tin, and fine solder the greatest percent of tin. Common 
solder has the highest melting point and is ciieaper. For that 
reason it is used most frequently in plumbing work and for 
splicing the covering of lead cables. Fine and medium solders 
have lower melting points and are used for electrical work. 

Commercial bar solder is identified by numbers giving the 
percentages of tin and lead. The first number is the percentage 
of tin contained in the alloy; for example, 30/70 indicates that 
the bar of solder is made up of 30 percent, tin and 70 percent 
lead. Alloy designated oO/oO is called half-and-half and is 
sometimes labeled that way. It is preferred for most sheet 
metal jobs. A 30/70 alloy is in common use, however, because 
it is cheaper. 

Scientists have discovered that molten solder sticks to the 
surface of the base metal by means of molecular attraction. 
A very strong bond is formed because of the friendliness of the 
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molecules of the solder for the molecules of the base metal 
This molecular attraction is kuowii as adherence. 

For such jobs as securing electrical connections, joining sheet 
metal where great strength is not required, or making water- 
tight riveted or lap-joint sheet metal containers, soldering is the 
answer. In combat zones where simplicity, speed, and make- 
shifts are essential, you will be breaking out the soldering gear 
frequently. 

THE ABC’S OF SOLDERING 

For good soldering, the following rules must be observed: 

A surface must be clean of all grease, oxides," and other 
foreign matter. 

B sure to heat the surface to be soldered to a temperature 
just hot enough to melt the solder, and use a flux which 
will melt at temperatures below the melting point of the 
solder so that it will not form pits or cavities in the soldered 
joint. 

C that all traces of corrosive fluxes have been removed after 
the joints have been made, 

PREPARATION 

The first step in the preparation of surfaces to be soldered is 
cleaning. The strength of the joint depends on the adherence 
of the solder to the metal to be joined. To secure good adher- 
ence, the surface of the metal and of the solder must be free of 
oxide, grease, dirt, and other foreign substance. All metals are 
normally covered with oxides which increase as the metal is 
heated to the soldering temperature. Remember — if the solder 
is to adhere to the metal, the metal must be well-cleaned. 
Cleaning may be done mechanically or chemically. 

In mechanical cleaning the surfaces are scraped, filed, or 
rubbed with sandpaper or emery paper. If a power buffer or 
emery wheel is available, it may be used effectively. Cleaning 
of tough jobs on repair work is made easier by warming the 
area to be repaired almost to the temperature required to melt 
the solder. After the metal is heated with a torch, it is a good 
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idea to nih the siirfa<*e with a wire brush, sandpaper, or steel 
wool U) mnove oxide that may ha%"e fomicHl during the heating 
pioeess. 

Burfaees are usually eleaned with ehfuiiieals. CJleaning by 
(‘hemir*al aelion with piekling solulious of acid is known as 
fluxing. Ordinarily, pastes or .soluiifins that contain zinc 
chloride are used for soft solrlering. flla* material holding the 
flux is (‘va,porat('d by the heat of the sohkuing opc‘railon, leaving 
a film of tiie flux on tlic work. At the soldca-ing temperature, as 
the molten sokler is a|>plied, the flux melts and dissolves the 
oxi(kxs f!‘om the solder and the woi‘k. As the process is com- 
pleted, a tliin film is formed, protecting the work from further 
oxidation. A complete discussion of fluxes is presented later in 
this chapter. 

Freciuenthy, metal parts to be sohlered have a coat of tin. If 
this is not the case, you may find it easier to solder by applying 
a coat of pure tin or solder metal to the surfaces of the metal 
parts to he joined. This process is called tinning. Use the same 
method described later in this chapter for tinning a soldering 
copper. 

METHODS OF APPLICATION 

Most common metals and their alloys can be readily soldered. 
Several factors are involved in determining the method of 
soldering to be used. These include character of metals to be 
soldered, their position, size of the parts to be Joined, speed 
with which job must be completed, and the shape, tensile 
strength, and appearance required of the finished job. Sur- 
faces to be soldered must always be heated to the melting point 
of the solder to be used. 

Different methods for heating these surfaces are: 

1. By the wiping method. 

2. By use of a soldering copper. 

3. By use of a blowtorch. 

4. By solder bath. 

5. By sweating. 


WIPING METHODS 


The wiping method of soldering is used for joining sections of 
lead pipe; joining lead pipe with brasSy bronze, or copper fit- 
tings; and joining lead covered electrical cables using a lead- 
sleeve. 

The steps in soldering by the wiping method are as follows : 

1 . Heat the solder until it is in a semiliquid state. 

2. Hold cloth or wiping pad under the joint to be soldered. 

3. Pour solder slowly over the joint, catching overflow on 
■■'..■cloth. 

4. Press the hot solder caught on cloth against the joint and 
work until smooth. 

5. Continue to pour and work until sufficient heat is applied 
to form the joint properly. 

6. Allow to cool slowly, wiping off excess solder and shaping 
joint. 

Your first attempts at wiping may not turn out well, but 
remember that skill is attained by practice. This particular 
method requires considerable skill but you will find it conven- 
ient for soldering in places too tight for a soldering copper. 

If joints are large, repeated pouring may be necessary to 
attain proper heat. 

Stearin (stearic acid) in stick form is sometimes used for flux- 
ing when wiping joints. Wiping solders usually contain about 
30 percent tin and 70 percent lead, and you have a range of 
about 140® in which to work them. 

USE OF A SOLDERING COPPER 

A soldering copper is sometimes called a soldering iron. It 
consists of a forged piece of copper connected by an iron rod to 
a handle. The copper end is called the head or bit. There are 
several types of soldering coppers, but the most frequently used 
are the pointed copper, the stub copper, and the bottom copper. 
The pointed copper is used for general soldering work. The 
stub copper is used for flat seams requiring considerable heat. 
The bottom copper is used for soldering seams of pails, pans, 
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trays, and other tough-spot jobs. Electric soldering coppers are 
built with internal heating coils. The heads are removable and 
interchangeable, thus allowing the u.se of various shaped tips. 
Electric: coppers may be used for light work and are especially 
good for \vork on electrical connections. 


Figure 92.^ — Soldering coppefi 


Figure 94. — Electric soldering copper. 
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Both wood and fiber handles are available for soldering 
coppers. The standard wood handle is forced on the rod. Some 
fiber handles are screwed on. Two coppers are used while 
soldering. One is heated while the other is being used. Their 
sizes are determined by the weight in pounds for two copper 
ends. Thus a pair of 2-poimd (2-Ib.) coppers means that each 
weighs 1 pound. The common sizes are l-Ib., I J^-lb;, 2-lb., 
3-lb., 4-Ib,, and 64b. per pair. 

It is not desirable to use a light copper for heavy gage metal 
since it will not hold enough heat to heat the metal properly or 
allow the solder to flow. Neither should heavy coppers be used 
for ligiic gage metal as they are awkward to use and result in 
poor work. Also, there is the danger of excess heat causing the 
metal to buckle. 

Bef ore starting a soldering job see that your copper is properly 
filed and tinned (coated with solder) . Follow these directions for 
fling and tinning a soldering copper, and you will find it an 
easy job. 

1 . Heat the copper to be tinned until it is cherry red, 

2. Clamp the copper in a vise as shown in figure 95. 

t>. Using a 12-inch single-cut bastard file, bear down on the 
forward stroke and release pressure on the return stroke — 

don't ROCK THE PILE, 

4. File the tapered sides of the copper until they are bright 
and smooth — keep hands off the hot copper. 

5. Smooth off sharp edges and point . 

6. Reheat sufficiently to melt solder. 

7- Rub each filed side back and forth across a cake of sal 
ammoniac, adding a little solder to the copper until it is 
coated (tinned) . 

Powdered rosin placed on a brick may be used instead of the 
cake of sal ammoniac. The same method is used. This method 
for tinning is used when sal ammoniac is not available or when 
rosin is to be used as a flux on tin plate. 

Every time a copper is overheated it must be retinned. The 
soldering copper is filed to remove burnt substances from it and 
to keep it smooth. This must be done often. If the soldering 
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copper becomes too blunt or if it is not the correct shape for the 
job to be done, it must be forged and filed. Here are instruc- 
tions for forging a soldering copper. ■ 

1. Heat the copper to a bright red. 

2. File until burnt tinning and pits are removed. 

3 . Reheat copper to bright red . 

4. Holding the copper on an anvil, forge it to the required 
shape by striking it with a large hammer (see figure 98) . 
The point should be blunt and the head should not be 
tapered too much or the end of the copper will cool too 
rapidly. Hammer the point back as the forging progresses. 
Turn the copper often to produce a square surface. Reheat 
as often as necessary. 

5. Reheat to bright red and take as many of the hollows out 
of it as possible with a flat-faced hammer. 

6. File and tin. 



Figure 98.— -Forging a soldering copper. 


A pair of soldering coppers will last a long time if they are not 
overheated and if cleaned just before soldering. To clean, wipe 
the point on a damp rag, clean the point on sal ammoniac, or 
dip the point in a dip-cup. Any container containing a dipping 
solution is called a dip-cup. 

A dipping solution for cleaning a soldering copper may be 
made by dissolving a small amount of powdered sal ammoniac 
in water. Soldering salts dissolved in water may also be used as 
a dipping solution. Never use as a dipping solution the acid or 
flux that is used for the soldering process. Your copper will 
color the flux and stain the job. Now that you have the prin- 
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ciple well in 
top-notch job. 


. f II nw these rules, and you will turn out a 

mind, lowu” 


of soldering coppers, observing size, 


pile nnd tin .according to previous instruc- 


Selcct the proper 

and shape 

not ■ allow it to become red hot as this 

2. Heat the coppot* oxidizes the .copper, requiring je- 

biirns the heating while the other isdn use. 

tinning* Keep the discussion of .fluxes later in 

3. Select the proper - 

this chapter. ■ coldered. in the proper position on ,a 

4. Place the job to oe ^ 

suitable support* brush-one or two strokes is 

5. Apply the flux 

sufficient. copper by dipping the tinned surface 

6* Clean the sol - Uir wir^irsw nff thA fin wifh ^ rlnmn 


m 


san tne soi^ . _ _ w wiping off the tip with a damp 
dipping solutiur 


with the copper (see figure 99). 

7. Pick up solde the seam until heat from the 

8. Hold the copP®^_ through the metal. The metal must 

copper + fi^om the copper to melt the solder or 

absorb enough ue 

the solder will together at enough places to 

hold the piec copper with a 

Start at one en along the seam until the 

tapered side o seam. 

solder starts ^ steady motion toward you 

Draw the copp much solder as necessary with- 

along the copper from the work, 

out raising necessary, but remember that 

12. Heat done if the seam can be started and 

the best 3^ ^ lifting the copper from the surface to be 
finished wit 0 retracing completed work, 

soldered, an ^ excess acid 

13. If t» or UW ^ 

on the sea j solder to set before moving 

14. Allow the seam w i- 


10 . 


11 . 


the job. 
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When soldering a grooved seam, tacking is not necessary, 
as the seam is held together by the lock. Nor is it necessary to 
tack a riveted seam. But for a watertight job the rivets must 
be soldered. To solder a square, rectangular, or cylindrical 
bottom, first make solder beads (sometimes called shots) by 



Figure 99. — Picking up solder. 

holding solder against a hot copper and allowing the beads to 
drop on the bench. (See figure 102.) Flux the seam and drop 
one of the cold beads of solder in the bottom of the container. 
Heat, clean, and dip the soldering copper and place it in the 
bottom as shown in figure 103. Hold the soldering copper in a 
stationary position until the solder starts to flow freely into the 
seam. Draw the copper slowly along the seam, rolling the job 
on the edge of the bottom at the same time. Add more beads as 
needed and reheat the copper when necessary. 



Figure 100. — Soldering a seam. 
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USE OF A BLOWTORCH 


On some jobs, surfaces are not flat or in position for use of a 
soldering copper. On others, the metals to be joined are not 
large enough in diameter or rigid enough to permit the wiping 
method. If the wiping method or the use of a soldering copper 
is not practicable, soldering may be done by playing the flames 
of a blowtorch directly on the surfaces and then applying the 
solder cold in bar or wire form. The heated surfaces melt the 
solder and excess solder is removed by wiping before the solder 
has had time to harden completely. This method is most fre- 
quently used for soldering wire joints and sweating-on lugs. 

The gasoline blowtorch pictured in figure 104 is most com- 
monly used in soldering. Its operation is simple. 

Fill the tank about two-thirds full of clean, unleaded gasoline. 
Unleaded gasoline contains no tetraethyl lead. Pump until 
sufficient pressure is built up in the tank to cause the gasoline to 



Figure 104, — Gasoline blowtorch. 
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flrnv wha. the vulve is opened. Don’t pump too tight. Ex- 
cessive pressiire may rupture the torch !>u| tom. , f 

With tlie valve open, liquid gasoline will flow ironi tlu' jet of 
the torch and tlrip into the priming pun. W hen t he pun is about 
three-fourths full, close the valve and light 
a match, 'i'lie (lame from this burning gasolm<> heats *he Per- 
tlmd nmisle (heating tube). -Most of the troulile you m l have 
in lighting and in using torches will be eau.sed by insufhcient 
lieating before opening the valve to start the torch, (ote it 
„;d !«,. H out of „ an.) you I 
\\lien the nozzle is hot, open the valve duals, al owing the 
gasoline vapor which has betai formed to flow trom be nozzle. 

K a-ffl l«.m with an almost -ohates flan.- ..ml «' l‘ 

able forec. By .vo.'kinB ««■ "I'-e, yo» J'™ ''"'‘"f 

any desired intensity. Adjust to prodma* a <l.aii, pul* h ue 
flame for best results. When heating a soldering eoppei, th 
flame will show green when the eopper has reaehed proper 
Jelerature for soldering work. If the pressure decreases, it is 
permissible to pump the torch while it is opm-ating. lo secaire, 
close the valve .sufficiently tight to prevent gas from escaping. 
Don’t close the valve too tightly. Rememl.er the metid is hot 
and will contract when it cools, causing the \ ah e to stick. 

There is verv little maintenance to the gasoline toich p - 
viding you use" onpy cuc.vn, clkah, c-.vkk.vDkn g.^souxe. If 
you use leaded gasoline, a compound will form 
the easoline passages. The torch will be a source of trouble xiom 
^almost impossible to clean these passages 

“rol'amct flnme soldering on small jobs use a a*s nLowp.pn 

oranAOCOHOOTOBCH. They are designed tot the ,0b. Ihe ^ 

blowpipe is an attachment similar to the one used foi \vck ^ 
but smaller. It operates on the same principle Iwo tubes- 
one furnishing either natural or manufactured gas, and tne 
other supplying' compressed air or oxygen— run toget ler o 

form the blowpipe. . 

The automatic alcohol torch works on the same principle as 
the blowpipe. It is a self-contained unit and creates its own 
pressure. The tank is filled about two-thirds full with alcohol 



Figure 105, — Blowpipe. 


and sealed. To operate the torch, remove the cap and light the 
wick. The flame from the wick heats the jet tube, causing the 
liquid alcohol in the container to vaporize and expand. The 
expansion forces the alcohol vapor from the jet opening where 
it is ignited to form a hot, light blue flame. 



Figure 106, — The automatic alcohol torch. 


Another heating device commonly used is a gas oven. If you 
have access to one, you will use it to heat your soldering cop- 
pers. These ovens have one, two, or three burners, on which 
L heat is hand-controlled by means of valves. 
i The gas oven, sometimes called a gas furnace, is the best 

I device for heating soldering coppers. A refractory lining that 

) resembles cement protects the metal part of the furnace from 
being burned, and reflects the heat over the soldering coppers. 
' Thus it is possible to produce a temperature of ISOO^^F. which 

I is more than is needed to heat 10-pound soldering coppers. 

Some ovens are provided with a pilot light which is allow^ed to 
' continue to burn during the working period. To secure, turn off 

pilot light valves and main valves. Check the valves before and 
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INSULATED COVER 



Figure 107. — Gas oven. 

after using, to avoid accumulations of gas and resulting danger 
of explosion. 

THE SOLDER BATH 

In some instances, where parts are too small or too numerous 
to be soldered by one of the previously mentioned methods, the 
parts are joined by means of dipping in molten solder. 

For making the solder bath, solder may be obtained in slabs 
weighing from 15 to 35 pounds. These slabs are usually 50/50 
or 40/60 tin-lead (40 percent tin and 60 percent lead). 

SOLDERING BY SWEATING 

In electrical work sweating is the best method for securing a 
terminal lug to a cable. To sweat a lug on a cable, clean and tin 
the end of the cable. Flux the terminal lug and fill it with molten 
solder. Insert the cable in the lug. Hold fast in place, giving 
ample time for the solder to cool and set. 





Figure !08. — Sweating terminal lug on cable. 


WORKING HEAT 

Molten solder should never be raised much beyond necessary 
working temperature. If the soldering job is big, you 11 need a 
lot of heat to raise the temperature of the metal sufficiently to 
receive the solder. It is better to use a large amount of solder at 
about the usual soldering temperature than to raise the temper- 
ature of the solder. 

As the temperature of molten solder is increased, the rate of 
oxidation is increased. When molten solder is overheated in the 
air, more tin than lead is lost. If, however, it is necessary to heat 
a pot of solder excessively — for example, when the solder has to 
be carried a long distance from the place where it is heated to the 
place where it is used — be sure to protect the exposed surface 
with a hard soldering flux such as that made of powdered borax, 
charcoal, and soda. Never stir nor skim overheated solder. 
This causes excessive loss by oxidation. 
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FLUXES 


A t^olfkring flux is a material wtiieli will rcanovc^ the oxide film 
already present and profeet the surfaec^ of both imdal and soldeT 
while they are beinp; heated to the solderini^ tempc^ratiire. 

Tlie strength of a soldered joint dviwmh on the adhereiu'e of 
the solder to the raetal being joined, 1 o st*eure gof)d adherenc^e 
it is ne(*essary that the surface of ih(‘ ineta,! and of tiie solder he 
free from <lirt, grease, .'and' oxides. Fairiiliar exarn|)!{‘s of oxide 
on metals tire rust on iron,- corrosion on <*opper, and the white 
film visible on aliimiiium that has bet*!! (‘xposed to the atmos- 
phere foi* some. time. 

Fluxt^s are of two elasses: corrosive^ and noncorrosive. The 
corrosive fluxes eat away the sohlered metals unless flaw are 
thoroughly washed off after soldering. 1lie fluxes ordinarily 
used for soft soldering are solutions or pasuxs that contain zinc 
chloride. Zinc chloride and sal ammoniac are corrosive flii.xes. 
The solvent or other medium holding tla.^ flux material is evap- 
orated by the heat of the soldering opcn’alirin, leaving an un- 
broken layer of the solid flux on the work. ' At the .soldering 
temperature, the solid .flux is meltec.! and partially .decomposed 
with the liberation of hydrochloric acid. This 'acid then dis- 
solves the oxidcvS from the surfaces of the solder and the work. 
The melted flux also forms on the work a protective film that 
prevents further oxidation from taking plac*e. 

Corrosive fluxes should not be used in electric‘al work, 
there is a possibility of some ‘ ihe jci'^’’'' ' ' 

eventually breaking the circuit fly 'w • ... 

conductor. These fluxes also lower t,ho insUiaUua resistance ot 
the circuits and increase electrical leakage, since all typess of 
corrosive fluxes are excellent conductors. Because zinc eliloride 
and sal ammoniac exhibit corrosive action, it is sometimes 
necessary to use a noncorrosive flux, rosin is the most com- 
monly used flux of this type. Rosin is the amher-eo’""' ' 
chemical compound that remains after turpentine has been 
removed from the sap of certain pine trees. Rosin is used as a 
flux when soldering tin plate and lead. It does not clean 
surface of , the work, but it does prevent oxidation during 
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soldering by covering the surface with a protective film. Rosin 
may be obtained in powdered, liquid, or paste form. Some core 
solders contain rosin. Core solder is a small tube made of solder 
which contains flux in the center. Core solder is obtained on 
spools. 

In choosing fluxes, attention should be given to the kinds of 
metal to be joined and to their massiveness. It takes more 
heat to solder iron or steel than to solder lead. When a 
soldering copper is used, the metal is heated in one spot and the 
heat may be conducted away rapidly. The iron therefore must 
be exceptionally hot unless the job has been preheated. In such 
a case the use of rosin is unsatisfactory since this material car- 
bonizes or chars at high temperature, preventing rather than 
aiding soldering. When you are soldering large pieces of metal 
together, Wb a good idea to pre-tin the parts to be soldered 
before assembling them. Use the same method that you use to 
tin a soldering copper. This makes soldering easier and makes 
joints stronger. Sometimes it^s best to preheat the job. Some 
experts recommend that cast iron be treated with a cold pickling 
bath of 5 percent hydrofluoric acid before it is soldered. Use 
hydrofluoric acid with care as it is very corrosive, attacking the 
flesh and forming painful sores which heal slowly. The vapor is 
extremely dangerous if inhaled. This acid must be kept in a wax 
or lead container as it will eat away glass or most metals. 

Muriatic acid (also called raw acid) is the commercial form of 
%^drochloric acid and is yellow in color. This raw acid may be 
a flpx : ’ ’ ‘ -4'i^lvanized iron, but it is a good 

oxjt’^ the acid by adding scraps of 
zinc. After Uie has dissolved, the acid may be weakened 
to the correct strength by pouring it into an equal amount of 
water. This forms zinc chloride. Here is what happens: The 
acid dissolves the zinc, forming zinc chloride and releasing 
hydrogen gas. When the reaction stops, the solution should be 
*: Wiined. Remember that the fumes are injurious when inhaled. 
They are inflammable, and will cause metal to corrode. Zinc 
chloride should be prepared in the open or near openings to the 
-aiftside. Keep it in closed glass containers away from machines 
and tools. 


Sa! ariinioBiac, another of Ihe eorrosivc^ finxes, is muriate of 
ammonia^ or aramoniiiin eliloride, ft euii ho obtained in a 
hi^Iily rc*fined state in crystal form |.iraetif*aJIy fr(‘C* from metallic 
i!n|)iirilies, and also in one pound brick fomi under sue.h trade 
Tiai!K‘s as Balarnue and 8pf»cai. When a hui c*opper is pkiccui in 
contact witli sal ammonia<% the copper is eleaiic^d !)y the* chem- 
ical, thus enabling solder to adliere to lia^ copper, 
llie iisiia! fluxes for <*ommon metals are: 


MUTAL 


1 f.rx 


Bnisu <*ep|H‘r, tin 

LeuU 

Iron, .slfM‘1 

(Uilvanlzcd Iron . 

Zinc . . 

Alununvnn 


I lO'ifi 
1 aiiow, 

liorax, Bill Ainiiiouiaf 
7auv i ’hloriU<‘ 

7Ati<' ( 'hkn’ido 

flux 


Stearic acid or stearine may be used in soldering aliiiriiniim. 
But a special aluminum solder is now aviii!ul)le whicli makes the 
use of flux imnecessary. ■ 

DONT DO IT 

Don^t overheat your soldering copper. It will shorten 
its life. 

Don^t dip your soldering copper into soldering flux. It will 

stain your work. 

Don’t forget to use a separate dipping solution. It is 

essential to good work. 

Don’t leave soldering tools adrift. You might start a fire. 
Don’t drive handles on soldering coppers l,>y bumping 
against an anvil. Handles split easily. 

Don’t inhale fumes from zinc chloride. They’re injurious. 
Don’t leave acid in open containers. The fumes are 
corrosive. 

Don’t spill raw acid on your clothes or body. It- will attack 
them. 

Don’t treat gasoline carelessly. Its dangerous. 
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QUIZ 

Select the one best answer to each of the following statements. 

1. With reference to the metals to be joined, the melting point of soldei — 

(a) Must be higher. 

(b) Must be lower. 

(c) Should be the same, 

(ri) Is not an important factor. 

2. The melting point of ,50/50 solder is approximately — 

(a) 200° F. . 

(b) 400°F. 

(c) 600° F. 

(d) 700° F. 

3. The materials used in soft solder is an alloy composition of — 

(a) Copper-tin. 

(b) Copper-zinc. 

(c) Silver-copper. 

(d) Tin-lead. 

4. Molten solder sticks to the surface of the base metal to which it is 
applied by means of—- 

(a) Gravitational connection. 

(b) Magnetic attraction. 

(r) IMoIecular attraction. 

(d) Atomic infiltration. 

5. The first step in the preparation of surfaces to be soldered is — 

(a) Sweating. 

(b) Heating. 

(c) Tinning. 

(d) Cleaning. 

6. The most common method of cleaning surfaces to be soldered is by 
the use of — 

(a) Abrasive papers. 

(b) Chemicals. 

(c) Scrapers. 

(d) Steel brushes. 

7. When a surface is cleaned with solutions of acid, it is called — 

(a) Tinning. 

(b) Sweating. 

(c) Pickling, 

(d) Fluxing. 
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8. To in»k« .oldcrinR eitsier, a tlm. foatint-' of molten solder is some- 
times applied to a siirfaee. This is enlied— 

(a) Tiiiniitp;. 

(h) Bweatirm. 

(?•) Fkixinii:.. 

(d) Clean 

„ If we wished to re.i«.'st u pair of solderin,' coppers from slock which 
weighed 3 pounds each, we would ask lor— 

ia ) Tri|)ie 0. 

(h) 2 - 311 ). 

(e) 3 Ib- 

■ (d ) {} ib. ■ , , 

10, Whe,n preparing to file and tin a soldering .'opper it sliould first be 

heated-^-' 

(a) To a <luU red folor. 

(h) To a elierry ivd color. 

(c) To 700'=’ F. 

(d) To Ibe meltin^^ point of 

11 . When sal ammoniac Is not available for u,e in the t innins of a cupper, 
a fi\ix which iriay be used in il^^ 

(а) Borax. 

(б) Btearine. 

(c) Zinc chloride. 

(d) Ro.sin. 

12. If a soldering eopper become.'-- overheated it must 1)C— 

(a) Retinned. 

(h) Forged, 

(e) Dipped. 

(d) Reheated in a ftas furnace. 

13. Soldering eop,xa-s sometimes do not have 

too blunt for the ]oh which is to be done. It this i.s ti i • 

, must be^ — . ■ 

■ (a) :R.ecast. 

(6) For^i^ed and filed. 

(c) Drawn. 

(d) Filed and tinned. 

14 \ small amount of powdered .sal ammoniac dissolved in approxi- 
‘ mately a pint of water can be used on a soldorins copper as a solution 

for — 

(a) Fluxing. 

(i>) Cleaning. 

(c) Tinning, 

(d) Neutralizing. 
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15. Riveted seams are soldered to — 

(a) Strengthen the joint. 

(/>) Provide a fillet for appearance. 

(r) Miike them watertight. 
id) Aid in setting the rivets. 

16. The joining of wire and the sweating on of lugs is most frequently 
accomplished by the soldering method of — 

(a) Wiping. 

{h) Solder bath. 

(c) Spraying. 
id) Sweating. 

17. The tank of a blowtorch should be filled to an approximate level of — 

(a) 1/3. 

ih) 

ic) 2/3. 

id) Full. 

18. The valve of a blowtorch is most likely to stick when shut off be- 
cause — 

(а) Lead gets on the needle valve. 

(б) Metal expand.s as it cools. 

(c) Metal contracts as it cools. 

(d) Metal gets rough as it cools. 

19. The best source for direct flame soldering on small jobs would be a — 

(а) Hauck burner. 

(б) Gas blowpipe . 

(c) Gasoline blowtorch. 

(d) Gas furnace. 

20. A pressure pump on an automatic alcohol torch is unnecessary be- 
cause the heat from the wick causes the liquid in the container to — 

{a) Solidify and contract. 

(6) Ignite upon contact with the working surface. 

(c) Evacuate by syphon force. 

(d) Vaporize and expand. 

21. The best device for heating soldering coppers is the — 

(a) Gas furnace. 

(5) Electric element. 

(c) Acetylene torch. 

(d) Alcohol torch. 

22. Pieces which are too small or too numerous to be soldered any other 
w'ay are joined by dipping in molten solder. This method is called — 

(a) Sweating. 

(6) Gas furnace. 

(c) Solder bath. 

■(d) Wiping. 
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23 \Vl.c-n tlx- m.d fir. -■n<l of u.. ..l..rtrifxl is insortol in 

■ a llnx<Ml tonimua lug mif.rwitl:. n.nltnn s..i,i..r. tiin inntliod ,s callo.l- 

(rt) IkiIIu ■ 

:(h) 

(c) . . .■ 

Oi) Tiriniiii^, 

24. Thn iilin rcuiovna fu.m tlio i-urfan- of ;i uii’tal is known iis— 

(a) Xitridf*. 

(h) C'yarsuh^' 
if ] 7/}rH‘ ehlorkb. 

(d; ( 

2.”). l‘h(' iff finx. to on olertrieu! work woiikl bto— 

(a) liosh'u ■ ... 

{h) 7Aiw ('Itltnide.- 
(<•) Htf'aririe. 
id} Honix. 

Conipietn the following statements (do not write in this book). 

20. It is ulwiiys nfces-sary to heat the surface to he soldiax-d to the 

nf t.b«> soklnr to be u^ed. 

27. In filing a copper, the pressure shoulii be applied on the _ 
stroke and released on the * — — strcdvt*. 

2S. For t)c.st results after starting to solder a scam one should not lift the 
copper from the surface until mid should not retrace com- 

pleted work. 

29. When working on the seam of a cylindrical bottom, the method of 

applying solder is to drop a cold m the bottom of the 

contaiiier. 

30. Exanp.)lcK of oxides on metals would be --- 

fnnrvfl OTI ronDCr. 


on iron and 


In list A will be found the various fluxes used on the different metals 
given in list B. Match items in column .4. with column B. 

A B 


(а) Borax, 

(б) Rosin. 

(e) Sal ammoniac. 
{d) Stearine. 

{e) Tallow\ 

(/) Zinc chloride. 


31. Aluminum. 

32. Brass. 

33. Copper. 

34. Galvanized iron. 

35. Iron. 

36. Lead. 

37. Steel. 

38. Tin. 

39. Zinc. 
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CHAPTER 7 


BRAZING AND RELATED JOINING METHODS 

Brazing is a term of very ancient origin. It comes from the 
word ^^brassing^^ which is the ancient art of joining brass or 
copper parts by means of brazing alloys. Today we refer to 
brazing as a method of joining metals together, w'lthout lusion, 
by means of a molten alloy which has a melting point above 
800° F, The melting point of a brazing alloy, like that of a 
soldering alloy, must be below the melting point of the metals 
being joined. 

Except for the higher temperatures required, brazing is much 
the same as soft soldering. In fact/ brazing is sometimes called 
hard soldering. The brazed joint is far better and much stronger 
than the soft-soldered joint. It can also stand much higher 
temperatures. 

Brazed joints are almost as strong as welded joints. They 
are even preferred for many joints in cast iron, non-ferrous 
metals, tool steel, and malleable iron. Another advantage in 
brazing is that the heat required to make a joint is not sufficient 
to cause serious damage to the properties of the metals to be 
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joined. Tliis is' a : Mg .advantage wlien you are working with 
alloy steels and tciol steels, or \vith any other rnetal which has 
been heat-treated:. ■ 

■ FILLERS FOR BRAZING 

Tliree general types of filler alloy utv used in the brazing 
pro<?ess: silvee .alloy, beass, and Huoxzr:. These are broad 
classifications made .on the basis of the mcdting point of the 
alloys. Any brazing alloy tlnit you use must ’nudl at a pohit 
lower than that of the metals to be jollied, lirazing tempera- 
tures are alw.ays- more than F., however, and cuny joining 
operation performed at a lower tem|H‘ratun‘ is propcaiy termed 
soldering. Silver brazing alloys are emumonly referred to as 
silver sohlers, and brass {eopper-zimu brazing alloys are com- 
monly known as hard solders or spelter solders. 

Silver alloy is used extensively in modern warship construction 
for joining non-ferrous metals. You <^an usc^ silver solder on 
pipes and lubes when the work is on location, without dis- 
mantling the system. Silver sokler is much easier to use and 
control than brass when the brazing must lie done in a tigho 
spot, such as near the overhead or near a bulkhead. Silver 
solder is used extensively with piping. It may also be used 
on small sections of tool steel. Silver soldering alloy contains 
over 50 percent silver and has a melting point of 1450*^ to 1750® 
F. Silver brazing alloys contain 50 percent silver or less and 
have a low temperature melting point varying from 1070® to 
1300® F. The use of silver alloys for joining metals is known 
either as silver soldering or as silver brazing. 

Brass rod or spelter (small grains of !>rass) may be used as 
filler metal for brazing copper and brass pipes, tubes, sheets, 
and fittings. Brass is also used to join unlike metals — brass to 
steel, brass to cast iron, or cast iron to steel. General repair 
work on machines and castings is usually done with brass rod. 
And brass is the best filler metal for brazing galvanized sheet 
and pipe. The common brazing or spelter solders are composed 
of approximately equal parts of copper and zinc. They melt at 
, temperatures ranging from 1600® to 1700® F., depending upon 
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bulkhead, 


Figure 109. — Brazinq near a 



riMi i'- used to Iniild up worn sicur tfoth. ttcurius!: sur- 
PK-f-; ‘Uid and tVir joiidnp tuota! [.arts widcli aie not sub- 

j‘,,.1cd t.» hitdt to!HporaPn-os. Tia-si' roppor alloy wcl.liuy rods 
hitvo a hidi-icnipf'ruturo iiirdting point raiiaiu^ trom lii(M)" to 
•J'i.'it)' V. 'rbis.ioininp" or Imildiiiti up pioc.^is is known tis huaze 





Figure 110.—* Get it ready. 


Clean and properly fitted joints are necessary for satisfactory 
bonding. All parts to be brazed must be thoroughly deanecl. 
Surface scale or oxides should be removed either by chemical 
or mechanical means. For the mechanical cleaning of rusty 
or corroded parts, you will find sanding, grinding, sandblasting, 
or filing effective (see figure 111). 
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Figure 111. — -Cleaning with a file. 


A stiff wire brush is also a good tool to use (see figure 112). Oil , 
grease ; or dirt of any description must also be removed as it 
interferes with good work. Heat may be used effectively for 
the removal of oil or grease. Don't attempt to braze dirty 
metal. You may get a weak, leaky joint that is full of pinholes. 

Chemical cleaning is done with a cleaning agent which is 
usually designated by the term flux. Actually the flux has 
other functions besides that of a cleaning agent. It also pro- 
tects surfaces after the work has been cleaned and during the 
heating process. And to the experienced Metalsmith it acts 
as an indicator of temperature during the heating- 







Figure 113. — Fluxing of parts. 


Another important factor to be considered in the preparation 
of a joint for brazing is the clearance between the surfaces to 
be joined. This clearance will vary according to the alloy used, 
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type of joint, method of heating, and the metals to te joined. 
With free flowing alloys such as silver solders, closely-fitted 
joints within a few thousandths of an inch will give the Ix'st 
results (see figure 114). 



FLANSE 


Figwr« 114. — Flange and tube showing clearance gap. 

When welding rods are used it is common practice to make a 
V joint and fill the joint with successive layers of braziing alloy. 
When you get the joint cleaned and set up for proper clearance^ 
apply flux. 

FLUXES 

The temperatures required for brazing cause a rapid oxidation 
of the surfaces of the job if it is exposed to air during the heating. 
A thin film of oxide will prevent proper bonding. The surfaces 
should therefore always be protected with some sort of a flux 
which is used to increase the flow of the brazing alloy and to 
increase its “stickability”. The flux acts to prevent the oxida- 
tion of the metal surfaces and to remove the oxides already 
present. It brings the brazing filler into intimate contact with 
the metals being joined, and causes the filler to penetrate the 
pores of the metal thus forming a strong bond. 
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There are many , prepared ■ fluxes' available;; but, the Navy 
uses only those fluxes which meet certain specifications. Flux 
for silver brazing is covered by Navy Specification 51 F4. The 
Navy also has a specification for a flux to use with copper base 
alloy.. It is covered by Specification >51F8 (INT)^. INT means 
interim , indicating that this flux has been specified for the time 
being, awaiting proof of advisability of using it permanently. 
Regardless of the type of flux you select for the job, it is most 
important that you apply it in such a manner that all oxide film 
is removed. The flux should be a thin liquid at the brazing 
temperature in order to prevent inclusions of oxide which will 
later give trouble. The surfaces of both the joint and the 
brazing alloy should be protected with flux if the best results 
are to be obtained. 

Flux may be used in three ways: dry, in paste form, or in 
hot, saturate solutions. When used in paste or hot solution, 
it is best to brush the flux over the surfaces. You should brush 
the flux on with a circular motion and have the flux extend 
outside of the joint or fitting as shown in figure 1 13. By brush- 
ing the flux on, you can' get a more uniform coating and there 
is less chance for bare spots that will oxidize during the heating. 
When the brazing alloys are in granular form, the flux may be 
mixed with the alloy and the mixture spread along the joint. 
Strip, wire, or rod alloys can be coated by dipping the end into 
a can of flux paste before using. Ordinarily flux is applied when 
using rod alloys by heating the rod and dipping it into the flux. 
Or you may heat the rod and sprinkle dry flux on it. Sufficient 
flux to do the job will stick to the hot rod. 

Borax or a mixture of borax and other chemicals is most often 
used as a flux for high-temperature brazing (1350® to 1800® F.) 
when brass filler is used. Up to a certain point heat causes 
borax to swell and bubble. Common crystalline borax, although 
it appears perfectly dry, contains approximately 47 percent 
water of crystallization. When the borax is heated this water 
is driven off, causing, the borax to appear to boil. Borax may 
be mixed with water to form a paste, but because of the ability 
of borax to hold water, it will quickly take up the water and 
become crystalline borax again. Borax in the lump form should 
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be kept on hand and powdei’ed as requ (commercial 

powdered borax is used, it should be kept in seakid glass jars. 

Commercial fluxes are used in the same way as borax because 
they are usually made mostly of borax. 

The flux used in brazing is (iaJIed upon to do a niHnl>er of 
things. It must protect the work after the surfaces have been 
cleaned. It must prevent the surfaces to be brazed from absorb- 
ing oxygen while the work is being heated to the right tempera- 
ture to receive brazing alloy. It must clean the work, removing 
scale and oxides which have not been previously removed. It 
must act as an indicator of temperature so that the Metalsmith 
will know when the parts have reached the brazing temperature. 
And it must act as a protective cover at the edge of the joint so 
that the joint does not become oxidized. 

There are many fluxes which have some of the desired char- 
acteristics and lack others. There are others which have all the 
desired characteristics and have additional characteristics which 
are objectionable. In selecting a flux, the following character- 
istics are considered essential: 

1. The flux should be fluid and active at the melting point 
of the brazing alloy. Some fluxes are very active at the 
melting 'point of the alloy , but have a tendency to cake up 
or vaporize, and do not become fluid. 

2. Good flux should remain stable and not change to a vapor 
rapidly within the temperature range of brazing. 

3. The flux should dissolve all oxides and remove them from 
the brazing surfaces. 

4. The flux should adhere to the brazed surfaces while they 
are being heated and not ball up and blow away. 

5. The flux should be free from salts or metals which will 
cause a glare. Some fluxes contain sodium which will 
cause a bright yellow glare, and others contain lithium, 
which will cause a bright pink glare. A glare of this sort 
makes it difficult for one to see the alloy as it flows from 
the joint. 

6. The flux should be easy to remove after brazing. Many 
fluxes will readily dissolve in warm water so that they may 
be washed off. Other fluxes will form a hard, glassy scale 
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on the work; which is difficult to remove. These should be 
avoided or rejected. 

7. The flux should come in a form that can be easily applied 
to the clean surfaces, and will adhere to those surfaces. 
Paste is preferred. Many fluxes are available in powder 
form only and cannot be applied to the surfaces to be 
brazed in advance. 

8. The flux should be free of odors. Some fluxes contain salts 
or acids which give off objectionable odors when heated. 

Handy Flux, made by Handy & Harman Company, is one 
flux that meets Navy Specification 51F4. It is available in 
paste form and can be applied readily to the clean surfaces with 
a brush. The solvent in this flux is water. If the flux becomes 
thick or hard in use, it may be thinned by adding water. Handy 
Flux becomes liquid when heated and it has the appearance of 
water on the pieces to be brazed when a temperature of lOOO^F. 
is reached. This watery appearance is the indication you must 
observe during the brazing operation to know approximately 
what temperature has been reached. Any excess fluxion the 
joint may be removed by washing, either by dipping the parts 
in water or by wiping them with a wet rag. 

In case a prepared flux is not available, a mixture of twelve 
parts of borax and one part boric acid may be used as a flux for 
solders with a high melting point . 

For aluminum welding, good fluxes are prepared by a number 
of reputable manufacturers. Air co Napoli tan or Matchless 
Fluxes, Oxweld Aluminum, Smithes Aluminum Flux, and 
Aluminum Company of America's No. 22 Welding Flux are 
representative of brands which have been used with satisfactory 
results. 

For fusion welding of brass and bronze, the Oxweld Brazo 
or Airco Marvel fluxes are representative brands which have 
proven satisfactory. Others equally good are available on the 
market. 

HEATING HINTS 

The four principal methods of supplying the heat necessary 
for brazing are; heating by dipping the parts into a bath of the 
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molten alloy, called dip“bra 2 ;ing; heatings by fumacen; heating 
by electrical resistance devices of various types; and heating 
by torches. You won’t have much occasion to use the first 
three methods, hut just in case you should hear Ihcun raen- 
tioned, the following definitions will serve to sharpen you 
up. 

To dip-brazc, the alloy is melted in a suitable container and 
covered with flux to prevent oxidation. The parts to be braced 
are cleaned and assembled in a suitable jig to hold them in 
position, and are then dipped into the molten alloy. They may 
be removed almost immediately. The clean joints will be 
coated with the alloy, which will form the joint as soon as it has 
cooled. The jig must not be removed until the joint has cooled. 
The size of the container must be sufficient to ac(*ommodato the 
parts to be joined. 

Another type of dip-brazing is done by means of the salt bath 
type of furnace. The parts to be brazed by this method are 
assembled and spelter solder is applied to the joint. Then the 
parts are immersed in a bath of molten salt, which melts the 
alloy and forms the bond. 

Furnaces are used for certain types of brazing. The brazing 
alloy is applied either along the joint or by inserts, and the 
assembled parts are placed in the furnace. Figure 115 shows 
the use of a silver-solder insert. Furnaces with nonoxidizing 
atmospheres (remember the discussion in chapter 4) are pre- 
ferred. But if the joint is properiy protected with flux good 
work can be done in ordinary furnaces. The furnace should be 
large enough so heating can be done rapidly, and the tempera- 
ture of the furnace should be considerably above the melting 
point of the brazing alloy . 

The electrical resistance method is used on small parts. It is 
also used in those cases where a thin sheet of the brazing alloy 
can be inserted in the joint. The advantage of the electrical 
resistance method is that it puts the heat where it is needed 
and it works quickly. 

Most of your brazing in the Navy will be done with heat 
supplied by m acetylene welding torch. A neutral or slightly 
reducing flame should be used in most cases, although for some 
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THE PIPE 

torch flame at angle 


Figure 115. — Use of silver-solder Insert, 


types of bronze welding a slightly oxidizing flame is best (see 
figure 116). 

Keep the inner cone of the flame from to inch away 
from the metal. Play the flame over the surface with a circular, 
sweeping motion, so that you obtain uniform heating of the parts 
to be joined. The flame should be soft so that it won’t blow or 

boil the molten filler metal. 

Select a torch tip to suit the type of work you are doing. 
You’ll ordinarily use sizes 4 or 6 for brazing sheet stock. The 
table in figure 1 17 may be used as a general guide for pipe work. 
When you silver solder you’ll do well to select a soft lead- 
burning torch. 

When using a torch, bring up the temperature of the parts 
until the flux on them is melted. Continue heating the parts 
to be joined until they are hot enough to melt the filler rod. 
The filler should be melted by the heat of the joint, not by the 
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OUTER CONE 
OR ENVELOPE FLAME 


NEUTRAL FLAME 


INTERMEDIATE 

CONE 


OUTER CONE 
OR ENVELOPE FLAME 


REDUCING FLAME 



OUTER CONE OR 

ENVELOPE FLAME - — — 

OXIDIZING FLAME 


Figure 116. — Types of flames. 

SUGGESTED TORCH TIP SIZES FOR 
BRAZING AND SILVER^SOIDERING PIPE 


OXY. PRES. 


ACETY. PRES. 


H and 

4, 4J^, 5 
6 and 8 
10 


Figure 117. — Tip sizes for brazing pipe. 
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flame. It should flow like water wherever the flux has been 
applied. Avoid overheating. Use just enough heat to get the 
parts of the joint hot enough to melt and flow the filler metal. 

You’ll find that the toughest part of brazing and silver solder- 
ing is heat control. This depends in part upon your ability to 
manipulate the torch. Now that is something that you can’t 
learn entirely from books. The best way to learn to control 
the heat is to get plenty of practice. It will also help to watch 
an expert braze up a few joints. 

If you have heavy and thin metal sections to braze together, 
you’ll have to be careful to avoid overheating the thin part. 
A good example is the brazing of thin copper tubing to a heavy 
cast fitting. If the same amount of heat were applied to the 
tubing as to the casting, the tubing would be overheated and 
probably burned. Therefore most of the heat must be directed 

C. 1ir>\ 
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Heavy parts and large areas must be preheated for best 
brazing results. Preheating may be done with a forge, furnace, 
oil-burning torch, gasoline torch, or with a welding torch. Use 
your Hauck burner (see figure 1 19) when you can — it’s much 
more economical than acetylene. 


POST HEATING ^ ^ ^ 

You also need cooling control. Slow and uniform cooling is 
essential for a good joint. You can control and equalize the rate 
of cooling by postheating — heating after the joint is completely 
brazed. The lightest or thinnest metal should receive most of 
the postheating because it naturally cools faster than a heavy 
section. In other words, maintain a uniform heat throughout 
the whole joint as you allow it to cool slowly. 

Avoid placing any stress on a brazed joint until it has cooled 
below 500° F. The filler metal is weak— has a low tensile 
strength — at higher temperatures. When metal is weaker 
at higher temperatures than when cooled it is said to be “hot 
short.’’ 

Brazed joints may be annealed and cold- worked without 
damage, but should never be hot-worked. 

JOINING WITH SILVER ALLOYS 

The piping systems aboard naval vessels include large quan- 
tities of non-ferrous (copper and copper alloy) and steel tubing 
or pipe. For that reason, it is important to understand the 
principles of silver soldering or silver brazing that is used for 
making joints in copper, brass, and copper-nickel piping systems. 

Joining with silver alloys may be called silver soldering 
or SILVER BRAZING. Both are done by the same method, the 
difference being the alloy used. Silver solders, you will remem- 
ber, are alloys containing over 50 percent silver. Silver brazing 
alloy contains not more than 50 percent silver. Silver solders 
melt at 1450° to 1750° F., but silver brazing alloys melt at 
1070° to 1300° F. 

Joining with silver alloys is not a fusion process, as the base 
metals or the parts being joined are not heated to their melting 
temperature. The process of joining with silver alloys is really 
low-temperature brazing, since the melting points of the silver 
alloys are lower than those of brazing rods. The strength of the 
joint made with this process depends upon how well this thin 
film of silver alloy is bonded or sweated to the surface of the 
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SILVER 

brazing 

ALLOY 


base metals. Figure 120 is a microscopic view of a portion of 

a joint made with a silver alloy. 

Silver alloys are used for joining parts made of various 
metals, the principar ones being copper, nickel, monel metal, 
stainless steel , brass , and bronze i 


Silver alloys are alloys of silver, copper, zinc, phosphorus, 
cadmium, and nickel. The percentage of these various metals 
determines the color of the alloy, its strength, and its melting 
point. Figure 121 indicates the method of identification of the 
various brazing alloys, and shows the Navy specification num- 
ber, trade names, and proper use of each alloy. 

The alloys used in silver brazing in naval work are covered 
by Specification 47S13. There are six grades of these alloys — 
Grades 0, 1, II, III, IV, and V (see figure 122): 


Figure 120. 


— Microscopic view of silver brozecl foint. 
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NAVY3-SILF0S 



SQUARE END RECTANGULAR END 

^SQUARE .05'‘X^" 

A SQUARE ® 


USED FOR 

COPPER TO COPPER P/5RTS. 

BRONZE FITTINGS, FLANGES, VALVES 
■ , TO 

COPPER, BRASS or NICKEL COPPER 


NAVY4-E/56Y RJ3 


t/ ^ DIAMETER 

ROUND END ^"diameter 

DIAMETER 



USED FOR 

COPPER TO COPPER PARTS. 

COPPER TO BRONZE PARTS. 

COPPER TO STEEL RARTS. 

COPPER TO NICKEL COPPER PARTS 
BRONZE FITTINGS, FLANGES, VALVES 
OR STEEL FITTINGS 

COPPER, BRONz£ nickel copper 
OR STEEL TUBING. 

FOR UONTS ON THIN GAGE SHEETS, 
SMALL PARTS AND BOSSES. 


NAVY5-EASYFL03 


USED FOR 

COPPER AND BRASS SEAMS ON 
TANKS, PIPE AND LARGE BENDS. 


HEXAGONAL END OR OCTAGONAL END 

ACROSS FLATS 


Figure 121. — Brazing alloys. 



For making joints on ship^s piping between bronze fittings, 
flanges, and valves, and copper and copper alloy tubing, Grade 
. Ill is recommended and preferred. 

For certain types of connections to very light parts made of 
brass or copper alloys, use Grade IV. Grade IV is also used 
for making joints between steel fittings and copper or copper 
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Figure 122. — Sliver brazing alloys. 


alloy tubes. For making joints between steel fittings and steel 
or ferrous alloy tubes, Grade IV alloy must also be used. 

For making brazed seams in sheets,, tubes, and ■ other light- 
gage metals, Grade V is recommended and is preferred, although 
Grade IV may be used. 

The silver brazing alloys described above are covered in Nav}' 
Specification ' 47813, and have the following characteristics 
which^ are desirable in silver brazing work : 

1. They have a low melting point. 

2. They have high tensile strength. 

3. They are highly resistant to corrosion. 

4. They flow readily at the lower brazing temperature range. 

5. They will bond readily to copper and copper alloy parts. 

6. They may be distinguished by color in the molten state so 
that the Metalsmith may tell them when the joints are 
'Completed. . ' 

7. They will, when properly applied, give joints that are free 
from porosity caused by gas inclusions or vaporizing of 
the alloys. 

YOU NEED TO KNOW 

When you are to join parts with silver alloy, you need to 
know a few natural laws that govern the flow of heat through 
metal parts. The flow of heat through metal is called heat 
CONDUCTIVITY (see figure 123). 

1. Heat always flows from a hotter to a cooler body. Thus, 
when two pieces are to be joined with a silver alloy, both pieces 
must be brought to a temperature sufficiently hot to melt the 
alloy before the alloy will flow onto both. You can heat both 
pieces independently with a torch if they are separated. If 
they are touching, you may heat one piece and the heat will be 
conducted to the cooler piece (see figure 124). 

2. Alloy in the molten state will always flow from the cooler 
to the hotter spot on a heated surface (see figure 125). The 
alloy flows in the opposite direction to the flow of heat. Thus, 



wnen two parts iiiv. to he joined, if one part has Ikhmi tintHMi, \ hv 
other part must he heated to a higher temperatures so Ihul the 
alloy will flow and !)ond to it. 



Figure 123. — Heat conductivity. 


3. Alloy and flux cannot occupy the same space. When you 
set up a joint, leave a clearance so that the alloy can flow in 
and fill up the joint, and don’t forget to leave an opening for 
the flux to get out. Heat should be applied as indicated in 
figure 126, so that the flux will flow out when the alloy reaches 
the bonding temperature. 

4. Heat travels faster through some metals than through 
others. A metal through \vhich heat travels fast is said to have 
high conductivity. Copper is such a metal (see figure 127). 
This explains w^hy in brazing work some metals remain 
cool while others tend to overheat. Also you can see that in 
joining parts of different kinds of metals more heat must be 
applied to the one having high heat-conductivity, because more 
heat will be taken away from the brazed area by the part having 
high conductivity. Thus steel parts will reach the joining 
temperature more quickly than copper parts, and the steel part 
can more easily overheated because the heat is being carried 
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away slower. Thus, in joining steel parts, you use a smaller 
torch tip and direct less heat on those parts than when joining 
copper parts of the same size. 

5. When joining with silver alloys, the parts to be joined 
must be at the joining temperature (hot enough to melt the 
alloy) at the time the alloy is added. If one piece of the joint 



Figure 124. — Flow of heat. 
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is hot enough and the other is not, the molten alloy will flow 
on one piece and be quenched by the other, and it will not bond 
to the cooler piece. 

NOTE-^ WAVY ARROWS INDICATE PATH OF HEAT 


TORCH 



When using a silver alloy, a joint can best be made by maki ng 
the joint in portions, usually 2 to 3 inches at a time, and by 
using equipment which will enable you to heat only the portion 
that is being joined. 

For both shop and ship work you will find light-weight torches 
and light-weight hose easier to handle. You can guide the 
flame more easily to that portion of the joint being bonded. 
Heavier equipment tires you out and prevents you from follow- 
ing the best procedure for making the joints. To make the 
joint in portions, you need equipment that wall allow you to 
heat only that section of the joint to be bonded and no other. 

An oxyacetylene torch should be used for making the joint. 
Torches should be fitted with various sizes of tips for making 
joints in materials of different thicknesses. One size tip can’t 
be used for making joints on all thicknesses of materials. The 
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( f4ote '—WAVY arrows indicate PATH OF HEAT THROUGH CYLINDRICAL PARTS 


ALLOY 


D 


SOURCE OF heat 


FLUX 


.UT j V 



T 


HEAT APPLIED ON PIECE A AS 
SHOWN WILL FIRST MELT ALLOY 
BEFORE FLUX IS COMPLETELY 
FLUID FLUX REMAINS IN PLACE 
AND ALLOY WILL REMAIN IN RE- 
CESS AS PIECE 8 BEING COLD 
WILL ACT AS A CHILL ON BOTH. 


SOURCE OF HEAT 



HEAT APPLIED ON PIECE B AS 
SHOWN WILL FLOW THROUGH TUBE 
TO FLUX, MELT FLUX AND SWELL 
PIECE B MAKING METAL TO METAL 
CONTACT. THIS ALSO FORCES FLUX 
OUT OF THE CLEARANCE AREA. 


-.SOURCE OF HEAT 

1 ' / r-', 



Figure 126, 


IF AFTER APPLYING HEAT ON 
PIECE B CAUSING FLUX TO MELT 
AND MAKING METAL TO METAL 
CONTACT, HEAT IS THEN APPLIED 
TO POSITION I AND POSITION 2 
ALTERNATELY. THE ALLOY WILL 
MELT AND FLOW OUT OF GROOVE 
INTO AREA PREVIOUSLY OCCUPIED 
by FLUX. 


Alloy and flux cannot occupy the same space. 


tips should be designed to heat a large area and still allow little 
or no “bounce” (reflected heat). Figure 128 shows how tips 
are made to get different shaped flames at the end of the tip. 

As the velocity of the gas increases due to the smaller inside 
diameter of the tip, the length of the flame cone gets longer and 
the size of the bulb becomes smaller. Type A has the lo’west 
velocity and heats the biggest spot . This is the type that should 
be used in joining with silver alloys. You can use a tip of 
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SHADED AREA SHOWS COMPARATIVE RATE OF HEAT TRAVEL THROUGH DIFFERENT 
METALS WHEN HEATED AT THE ENOS WITH THE SAME SOURCE AND AMOUNT OF HEAT. 


Figure 127. — Heat travels faster through some metals. 


Type A to make joints adjacent to wood or painted surfaces 
without reflecting enough heat to do any damage. 

When you choose a torch tor silver soldering or silver braziiig, 
it should be one fitted with a soft copper tube at least 10 inches 
long between the tip and the torch handle (see figure 129). 

You can bend this tube extension wherever it is needed to 
heat the portion to be joined. You should always use a torch 
with this flexible extension for work aboard ship, as without it 
you are unable to heat properly the parts to be joined in many 
locations in the piping system. 


AjRCO AIRCO AIRGO 

STY'L^E 9 STYLE 88 or 89 : ; STYLE '98or 99 


•SIZE a • SIZE 8 SIZE 8 



BULBOUS OR MEDIUM BULB OR SWAGED OR 

LOW VELOCITY TIP MEDIUM VELOCITY TIP HIGH VELOCITY TIP 


Figure 128. — Comparison of heat bounced off work by different types of tips. 


MAKING J 

— Alloy and 


There ar^ ' ""““mking joints with silver 

alloy: the insert . .^,feed-in method. 

li^en using the insert method, a flange or fitting is used in 
which the manufacturer has pre-inserted a strip of the silver 
alloy. The parts to be joined are cleaned with emery cloth, 
sandpaper, or some other suitable abrasive, A suitable flux is 
then applied with a brush. Brush the flux on with a circular 
motion and have the flux extend outside of the fitting (see figure 
130). Fit the two parts together and aline them. A vise is a 
handy tool to use when- joining pipe and fittings. Light off the 
torch, and gripping it in both hands as shown in figure 130, 
direct the heat on the tube or thinner portion to swell it up. 






The lines drawn on the tube in figure 130 indicate the path of 
thv torch during heating. 

In the case of joining a fitting and a piece of tubing, the flux- 
coated tube is inserted into the fluxed fitting and the clearance 
area' is' thus filled with flux. ' The heat is then:. applied tO::the 
tubing to swell it up and bring the surface of the metal into 
contact with the inside surface of the fitting. The clearance 
area is thus closed, forcing the flux from either end of the joint. 
In this procedure both parts must be heated to the joining 
temperature (see figure 131), at which time the alloy will auto- 
matically flow out or be squeezed out into the joining area. 
In the insert method the alloy wall not leave the insert unless 
both parts are at the proper bonding temperature. If one of 
the parts is up to temperature and the other is not, the alloy 
will not fio\v from the insert because it will be cooled or quenched 
by the surface not yet to temperature. By playing the 
torch over a 2- or 3-inch secrion of the fitting you can cause the 
fitting to stretch or open up and let whatever remaining flux 
there is present run out. Then hold the torch off the work and 
the fitting will return to normal size and force the alloy to the 
edge of the fitting. You may be sure that a good joint is formed 



when you can see the alloy at one or both of the edges of the 
joined area. Figure 132 shows the process of joining by the 
insert method step by step. 



ClEARANCE AREA IS RILED WITH FLUX 


(HANDY FLUX) 



WITH INSIDE surface OF FITTING. 
CLEARANCE AREA CLOSES, 



"B" TO "A." SECTION STRETCHES, ALLOY 
AND REMAINING FLUX FLOW OUT. 



HOLD TORCH OFF THE WORK ALLOWING 
FITTING TO UNSTRETCH AND FORCE ALLOY 
TO EDGE OF FITTING. (IF NO ALLOY SHOWS 
AT EDGE OF FITTING REPEAT PROCEDURE.) 


Figure 132. — Silver alloy Insert method of joining. 


The FEED-IN METHOD, sometimes called the stick-fed 
METHOD, is accomplished by feeding the alloy by hand into the 
area to be joined. In this method you must remember that the 
alloy always flows along a heated surface from the cooler to 
the hotter section (see figure 133). In other words, the alloy 
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flows toward the source of heat or to the point where the heat 
Is being applied. In this method, the metalsmith must always 
feed alloy at the outer edge of the joint while directing heat at 
the inner edge of the joint (see figure 133). 


ClEARANCE AREA IS FlllEO WITH FLU) 
{HANDY figX) 


heat pipe at "A" to SWEIUT UP 
AND BRING SURFACE IN CONTACT 
WITH INSIDE SURFACE OF FITTING. 
CLEARANCE AREA CLOSES. 


ALLOY 


FITTING HEATED FROM "B" TO "C ” CLEAR- 
ANCE AREA OPENS UP AND ALLOY AP. 
PLIED AT EDGE AS FLUX FLOWS OUT. 


HEATING CONTINUED AT ’‘B/’ 
CAUSES ALLOY TO FLOW IN. 


ENTIRE JOINT HEATED AT ’ A"-‘’8"-"C'‘ 
TO COMPLETE BOND BETWEEN PIPE 
AND FITTING, MAKING SMOOTH FILLET 
AT THE EDGE. 


Figure 133. — Feed-in method of joining with silver alloy. 


The parts to be joined are cleaned and fluxed in the same 
manner as in the insert method. When the parts are fitted 
together the clearance area is filled with flux. After alining 
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Figure 134. — Heating tube to swell it* up. Chalk lines indicate path of torch. 

This tightens the tube or pipe in the fitting sufficiently to aline 
the joint. Heat is then applied to the fitting or the inner edge 
of the joint at the same time that the alloy is fed at the outer 
edge of the joint. As the alloy will flow toward the hottest 
section, it will flow through the joint toward the point at which 
the heat is being applied. In this method, it is left entirely to 
the judgment of the Metalsmith to determine when both parts 
are properly heated and when to feed the alloy. It is also left 
to his judgment to determine if sufficient alloy has been fed 
into the joint to completely fill the space between the two parts 
being joined. The Metalsmith must also be skillful in manipu- 
lating the torch flame to be certain that the heat is applied to 
the proper point to cause the alloy to flow from the cooler to 
the hotter section. In the feed-in method, alloy visible at the 
edge of the joint does not necessarily indicate that the entire 
joint is filled with alloy. 

The difference, then, between making a joint by the insert 
method and with the feed-in method is in procedure. When 
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using the insert method, you heat a section and remove the 
torch, and the alloy is automatically squeezed out from the 
insert, whereas in the feed-in method, after you heat a section 
the heat must be directed to the inside edge of the Joint while 
the alloy is being fed in at the outside edge of the fitting (see 
figure 135). 



Figure 135. — Feed-in method. Notice torch flame directed on flange hub while alloy 
is added into clearance gap. 


WHAT IS BRAZE WELDING 

Braze welding is a process used for joining or building up the 
high-melting-point metals by use of brass and bronze alloys 
which melt at much lower temperatures. Cast iron, malleable 
iron, and steel are high-melting-point metals. In braze welding, 
the base metal is heated to around 1400° F. or approximately 
cherry red, but never to the melting point. The bronze or brass 
filler metal is then melted, and flows over the base metal. 


Braze welding is based on the theory that certain copper 
alloys will join so closely with the molecules of the base metal 
that a very strong union or bond is formed- This action de- 
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pends, however, on three factors: having a suitable base metal, 
heating it to suiSeient temperature, and cleaning its surface 
thoroughly by chemicals in the form of flux. The molten cop- 
per alloy covers the base metal in a thin film in the same man- 
ner that water spreads over a clean glass plate. The bond 
formed depends upon the molecular forces at the point where 
the copper alloy and the base metal meet. The copper alloy 
generally forms a thin layer, practically the same as plating the 
base metal. This action is called tinning. 

In addition, the constituents of the alloy — copper, zinc, tin, 
and others-— diffuse into the base metal. The constituents of 
the base metal also diffuse into the copper alloy. This all takes 
place within a narrow zone where the welding alloy meets the 
base alloy. This process is known as interalloying and is 
apparent only when examined under a microscope. Finally, 
the action of the molten copper alloy on the base metal surface 
opens up the crystalline grain structure of the base metal and 
allows the alloy to penetrate the base metal along the grains. 
These factors, combined, account for the very great strength 
of the bond between the copper-alloy and the base metal. 

WHY USE BRAZE WELDING? 

The fact that braze welds are made without melting the base 
metal greatly simplifies the welding procedure. It is easier to 
make good joints by this method. Since braze welding requires 
less heat than fusion welding, the speed of voiding is increased. 
Less time and less gas are required to do a given job than are 
necessary for fusion welding. 

Because of the lower temperatures required for braze welding, 
preheating is also easier. All you really need to do is to preheat 
the part to black heat before braze welding. Naturally, the 
effects of expansion and contraction are much less than in 
fusion welding. As a result, most of the braze welding opera- 
tions can be done with only local preheating— that is, pre- 
heating the portion of the machine or casting that is to be braze 
welded. In many cases, this makes it possible to repair broken 
castings and other parts in place, thus saving time and expense 
of disassembling and reassembling. 
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As they cool bron^ies yield, or give, until the temperature is 
below 500^F. Even at normal temperature they yield slowly 
under low stresses. This yielding doesn’t weaken the bronze 
metal, but it, does serve to relieve the stresses in a casting which 
has been braze welded. At least, more of the loeked-up stresses 
are relieved than would be if the castings v'ere \velded with 
cast iron. The ductility of the braze welded metal acts further 
to take up any slight readjustments in stresses that develop 
after the welded parts have been put into service. 

HOW BRAZE WELDING IS USED 

Braze welding is widely used in the repair of gray iron castings. 
Not only is it used for repairing broken castings, but also in the 
rebuilding of missing or worn parts, such as gear teeth or valve 
discs and seats. Pistons, rotary valves, guides, and other sliding 
surfaces on pumps, engines, and machinery parts may be 
successfully repaired and rebuilt with braze welding. This 
latter operation is called “bronze-surfacing”. 

Braze welding is also the only practical method of repairing 
malleable iron. Malleability, you will remember, is developed 
by a special heat-treatment which is destroyed by the high 
temperature required for fusion welding. The comparatively 
low temperatures required for braze welding, however, do not 
affect the casting noticeably. 

HOW BRAZE WELDING IS NOT USED 

1. Braze welding should not be used for the repair or rebuild- 
ing of castings where the difference in color between the 
bronze and cast iron would be objectionable. Nickel 
bronze welding rods are sometimes used when color match 
is important. 

2. Braze welding should never be applied to parts which will 
be subjected to high temperatures — higher than F. 

3. Braze welding should not be used in most cases to repair 
working parts or containers used in chemical processes. 
Strongly alkaline solutions, for example, will affect bronze 
but not cast iron . In this case , obviously , j oining by fusion 
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welding should be done with cast iron rkther than joining 
by use of braze welding. 

BRAZE WELDING ALLOYS 

The best bronze welding rod is one which has a copper-zinc 
ratio of 60 percent copper and 40 percent zinc. This ratio pro- 
duces the best combination of high tensile strength and duc- 
tility. Because of its relatively low melting temperature, this 
alloy is used as a basis for the so-called bronze welding rods. 
Actually the term bronze is not correct, since this alloy, known 
as Muntz metal, is really a brass. The alloy possesses con- 
siderable strength when hot and has the narrowest freezing 
range (solidifies quicker) of the entire usable copper-zinc 
combinations. This is an additional advantage, as a quick- 
freezing alloy has much better weldability than one which 
remains mushy over a wide temperature range. 

Most of the commercial bronze welding rods are modifications 
of this 60/40 copper-zinc alloy, with low alloy additions of tin, 
iron, nickel, manganese, silicon, and other iiigredients. These 
ingredients are included to — 

Iv Increase tensile strength. 

2. Improve flowing qualities. 

3. Make the rod tin readily when used with a suitable flux. 

4. Deoxidize the weld metal. 

5. Obtain a deposit which is free from slag inclusions or 
blowholes. 

6. Reduce the tendency to fume due to overheating. 

7. Increase the hardness of the deposited metal for greater 
wear resistance. 

PREPARING FOR THE JOB 

If you are joining edges }i inch or less in thickness, chip the 
surface until you have a bright metal edge. If the parts are 
over 14 l^ich thick, you will need to bevel the edges to give 
about a 90® V. The best way to bevel edges is with an air 
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hammer, or with a hand chisel and sandblast. Don^t machine 
or grind cast iron or malleable iron for braze welding, as the 
grinding tends to smear the graphite particles over the surface 
in such a way as to interfere with the tinning. Neither is it a 
good practice to bevel the welding V with a torch, unless the 
oxides and free graphite are removed from the surface before 
braze welding. If the kind of job that you are doing makes 
machining, grinding, or torch-beveling necessary, then finish 
the surfaces by chipping or sandblasting. You can also remove 
the graphite smear by searing with your torch flame. To sear, 
use an oxidizing flame and heat the parts to a dull red. The 
metal for at least inch back from the top edge of the V 
should be thoroughly cleaned to permit easy tinning. 

Coarse-grained soft castings are harder to tin than close- 
grained castings. A cast iron part which has been in contact 
with fire, such as a heating boiler section, will sometimes be 
difficult to tin. The same is true of castings that have been long 
exposed to steam and oil at high temperatures. Also, castings 
which have been in salt water or chemicals for some time may 
be difficult to tin. One method of making such pieces easier to 
tin is to alternately heat and cool the casting. In the more 
difficult cases it may be necesvsary to machine off the affected 
surfaces of the metal to make it take the bronze. 

Once you have the parts properly cleaned and tinned, the 
next step is to aline the parts. Obviously, the parts must be 
placed in proper alinement and kept in their relative positions 
during the brazing process. You can best accomplish this by 
using clamps and by tack welding. 

PREHEATING PARTS 

In braze welding, a casting must be heated along the line of 
the weld. This sets up certain strains and stresses, due to 
expansion and contraction, unless the casting is properly pre- 
heated. In a small casting, up to about a hundred pounds, 
the heat from the torch is sufficient to preheat the entire casting. 
Larger castings should, however, be more thoroughly preheated. 
Besides providing for the relief of strains and stresses, pre- 
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heating speeds up the braze welding oper^^^ and requires the 
use of less oxygen and acetylene. 

You can weld large castings without preheating by allowing 
for expansion and contraction, but it is generally safer and more 
satisfactory to preheat. Preheating can be done with your 
torch or with an improvised firebrick furnace covered with 
asbestos paper. Or you can use an oil or gas burner. At times, 
castings attached to a machine may preferably be welded in 
place. Often such castings can be preheated by playing the 
flame along the line of the weld and protecting the surrounding 
surfaces with asbestos paper. 

USING FLUX IN BRAZE WELDING ‘ 

The use of a high quality flux is essential in braze welding. 
It is needed for two reasons: (1) to clean the oxide that is formed 
ahead of the welding zone, due to the oxygen in the air, and 
(2) to dissolve the oxides formed in the brazing operation. Use 
plenty of flux in the tinning operation, but in filling the V you 
should use flux sparingly. This avoids too much reduction of 
the oxide film covering the molten pool. When you see that 
flux is required, it should beadded carefully. The puddle should 
not be made mirror clear but left slightly clouded with oxide. 
Where the braze welding is rapid, it is best to coat the rods 
entirely with flux. If the operation is slower, as with heavy 
castings, you can dip the hot end of the welding rod into the 
flux and add to the puddle as required. 

ADJUSTING THE FLAME 

For braze welding a slightly oxidizing flame is used. To 
obtain the desired flame, you adjust the flame to neutral, and 
then open the torch oxygen needle valve slowly until the inner 
flame cone has been slightly reduced in length. Periodical 
checks should be made to be sure that this adjustment is main- 
tained. A slightly oxidizing flame helps to secure a better bond 
between the bronze and the base metal. It also assists in keep- 
ing a slight film of oxide over the puddle. This film of oxide 
serves to protect the weld metal from the oxygen in the air. 
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TINNING THE PARTS 

After the parts have been properly prepared — cleaned, 
fluxed, alined, and preheated if necessary — the parts are then 
tack-welded together. The metal is then heated with a torch 
at the point where the braze weld is to start. Play the torch 
flame over the part to be heated, using a circular motion. As 
the base metal gets hot, test its temperature with a drop of 
molten bronze from the welding rod. When the heated metal is 
just at the right heat (approximately cherry red) the molten 
metal from a sufliciently fluxed bronze rod will spread evenly 
over the surface when it hits. This produces a tinning coat on 
the base metal. 

You can tin the base metal in braze welding only when the 
conditions are just right for it. If the base metal is too cold, 
the bronze is sticky and will not run out and spread over the 
heated surface as it should. If the base metal is too hot, the 
bronze will form little balls like drops of water on a hot stove. 
If the temperature of the base metal is right and the tinning is 
done properly, the molten bronze will spread over the surface 
like water spreading over a clean, moist surface. Tinning is 
the most important step in the braze welding process. Tinning 
forms the bond or molecular union betw’een the braze weld 
metal and. the base metal. 

BRAZE WELDING PROCEDURE 

As the tinning action is in progress, you continue to feed the 
braze weld metal into the molten metal to build the weld up to 
the desired size. The puddle should be small in size, but in- 
creased as it is moved forward, until it completely fills the V 
and a full sized braze weld is made. You must exercise care to 
be sure that the tinning action takes place continuously, just 
ahead of the puddle. Good braze welding combines into one 
continuous operation the tinning action and the building up of 
the braze weld to the desired size. 

The inner flame cone is kept from 3^ to of an inch away 
from the surface of the metal. Usually the flame is pointed 
ahead of the completed part of the weld at an angle of about 
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45®, with the puddle under and slightly behind the flame. 
You vary the angle, however, when welding in flat, overhead, 
and vertical positions. Also the angle will vary with the size 
of the puddle being carried, the nature of the surface, and the 
speed of welding. 

Bright spots on the metal in the puddle mean that oxides and 
impurities are present and should be worked out with the torch 
flame or with flux. Don^t use too much flux, though, as this is 
wasteful and prevents your making the best joint. Use just 
enough flux to get a good tinning action between the braze weld 
metal and the base metal. The proper rate of braze welding is 
controlled by the rate of tinning; never flow the rod faster than 
the tinning action progresses. 

It may be necessary to deposit the bronze in layers when braze 
welding heavy materials. If such is the case it is most important 
that the tinning of the base metal be a good job. If the tinning 
is good and fusion between the first and successive layers is 
thorough, a strong braze weld is assured. 

COOLING THE JOB 

After you have finished the braze welding operation, you 
should play the torch over the weld and on either side of the 
weld for several inches. The size of the weld and the size of the 
casting determine the size of the area that should be heated. 
Continue to heat until all sections of the part have been brought 
to even heat. If the repaired part is small, bury it in dry slaked 
lime. If it is large, cover it with asbestos cLth. In either 
case allow it to cool slowly. The parts repaired should be 
protected from drafts and cold air which would cause it to cool 
unevenly. Never place a braze-weided joint under stress until 
it has completely cooled. 

USE YOUR KNOWLEDGE 

You will find that much of your work as a Metalsmith will 
be concerned with the repair of parts. Whether you are repair- 
ing an old part or fabricating a new one, youfll find that almost 
every job you do will include some form of joining. You will 
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have to use your knowledge to choose the best method for joining 
a particular part. The method will depend upon the use to 
which the part is to be put, the material of which it is made, 
and in some cases, the accessibility of the part and the avail- 
ability of the tools and materials for joining. Remember that 
there is always a best way of doing a job and do it that way if 
circumstances permit. If, however, you get caught in a tight 
spot, and you can't get your hands on the preferred tools and 
materials, use your knowledge — get the job done. 

QUIZ 

Select the one best answer to each of the following statements. 

1 . The term brazing is sometimes referred to as — 

(a) Soft soldering. 

(b) Welding. 

(c) Hard soldering. 

(d) Fusion of base metals. 

2. Any joining operation of metals performed at temperatures lower 
than 1000® F. is termed — 

(a) Welding. 

(b) Brazing. 

(c) Soldering. 

(d) Silver soldering. 

3. The melting point of silver solder alloy (over 50% silver) ranges 
from — 

(a) 250 to 450®F. 

(b) 1070 to 1300®F. 

(c) 1450 to 1750®F. 

(d) 1600 to 1700®F. 

4. The melting point range of silver brazing alloys of less than 50 
percent silver is — 

(а) 700 to 1000®F. 

(б) 1070 to 1300®F. 

(c) 1450 to 1750®F. 

(d) 1600 to 1700®F. 

5. A brass brazing rod melts at a temperature ranging from — 

(a) 1070 to 1300®F. 

(5) 1450 to 1750°F. 

(c) 1600 to 1700°F. 

(d) 1600 to 2250°F. 
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6. The melting point range of bronze welding rod is — 

(а) 1070 to ISOO'^F. 

(5) 1460 to 1760®F, 

(c) 1600 to 1700“F. 

(d) 1600 to 2250®F. 

7. To prevent rapid oxidation caused by the temperatures required for 
brazing, one should use a uniform coating of — 

' (a) Flux. 

(б) Grease. 

(c) Lead. 

(d) Tin. 

8. To insure a uniform coating, paste or saturated solution fluxes should 
be applied with a — 

(6) Finger. 

(c) Brush. 

(d) Spray. 

9. The flux most commonly used for high temperature brazing when 
a brass filler is used is — 

(a) Busin. 

(b) Stearine. 

(c) Zinc chloride. 

(d) Borax. 

10. A brazing flux which contains salts or metals will — 

(a) Strengthen the joint. 

(b) Cause a glare. 

(c) Spoil the joint’s appearance. 

(d) Form pinholes. 

11. Atthemeltingpointof thebrazingalloy,thefluxshould — 

(a) Cake up and vaporize. 

(5) Ball up and blow away. 

(c) Give off an identifying odor. 

(d) Be fluid and active. 

12. When a prepared flux is not available to use with high-melting-point 
solders, it is possible to use — 

(a) Taiiow^ 

(6) A mixture of borax and boric acid. 

(c) Muriatic acid mixed with water. 

(d) Copper sulphate. 

227 




13. The most frequently employed source of heat for' hard soldering 
is the ■— . 

(a) Forge. 

(6) Electrical resistance. 

(c) Furnace. . 

hi) Acetylene torch. ■ 

14. The type of torch flame which is inacie up of three cones is referred to as— 

(fl) Reducing 

(b) Neutral 

(c) Brazing 

(d) Oxidizing 

15. The size of tenth tip to be used for brazing arid silver soldering hT' 

and pip^ i^ — 

(a)//4. 

(h) //6. 

(c) #8, 

(d) #10, 

16. The rate of cooling for a brazed joint can be controlled arul equalized 
by — 

(a) Quenching. 

(5) Placing in an oil bath. 

(c) Postheating. 

(d) Annealing. 

17. A brazed joint should not have any stress placed upon it until it has 
cooled below — 

(a) 250"F. 

{h) 500°F. 

(c) 750°F. 

(d) 1000°F. 

18. To seal a joint in a ship's piping which operates up to !230°F, one 
would use silver brazing alloy, Grade — 

(a) 0. 

{b)l. 

(c) IL 

(d) III. 

19. The silver brazing alloy recommended for use only where proper 
tolerances can be maintained is Grade — 

(a)0. 


20. The flow of heat through metalis called 

: . v '- («) Heat conductivity ^ 

■ (5)' Heat treating. 

'(c) 'Ductility., 

, (d) Drawing'.:';;"' '..;." 

21. On a heated surface, molten alloy will always — 

(a) Flow from the hotter to the cooler spot. 

(h) Flow the same direction as the heat flows. 

(c) Require torch pressure for flow. 

(d) Flow from the cooler to the hotter spot. 

22. Wh^n brazing a joint adjacent to wood or painted surfaces, the 
torch tip size best suited is — 

(а) Type A, Style 9. 

(h) Type B, Style 88. 

(c) Type C, Style 98. 

(d) Not important. 

23. The two methods used for making joints with silver alloy are — 

(o) Insert and feed-in. 

(б) Feed-in and sweating. 

(c) Tinning and insert. 

(d) Alloy-bath and feed-in. 

24. If two parts being joined are not of the proper bonding temperature, 
the insert alloy will not flow because the cooler surface — 

(а) Does not allow sufficient tolerance for flow. 

(б) JExpands and freezes the two together. 

(c) Quenches the alloy, 

(d) Case-hardens the insert. 

25. When using the feed-in method in brazing a joint, the alloy should 
be — 

(a) Fed in through a small hole in one part of the joint. 

(b) Fed in at the outer edge of the joint. 

(c) Placed in the joint prior to fluxing. 

(d) Fed in at the same place that the heat is applied. 

26. When the base metal is heated to approximately 1400“F and bronze 
or brass filler metal is melted and flowed over the base metal, it 
is referred to as — 

(a) Metal build-up by bath. 

(5) Fusion welding. 

(c) Flow brazing. 

(d) Braze welding. 

229 




27. Braze welds sliould never be applied to parts whicii will be subjected 
to temperatures higher than. 

(а) 650"F. 

(б) 85CFF. 

(c) lOSO^^F. 

(d) 1350"F. 

28. The best bronze welding rod is one which has a content of — 

(a) 60 percent zinc and 40 percent copper. 

(b) 50-50 zinc and copper. 

(c) GO percent copper and 40 percent lead. 

{d) 60 percent copper and 40 percent zinc, 

29. In braze welding, stresses and strains caused by heating along the 
line of the weld may be avoided if the casting is properly — 

(а) Heat-treated. 

(б) Postheated. 

(c) Preheated. 

(d) Annealed. 

30. The type of torch dame to use for braze welding should be — 

(a) Slightly reducing. 

(h) Slightly oxidizing. 

(c) Carburizing. 

(d) Neutralizing. 

31. The proper order of the steps in preparing to braze weld when pre- 
heating is necessary is — 

(a) Clean, flux, aline, preheat and tin. 

(6) Aline, flux, clean, tin and preheat. 

(c) Clean, flux, tin, aline and preheat. 

(d) Aline, clean, flux, preheat and tin. 

32. During the braze welding procedure, the inner flame cone is kept 
away from the surface of the metal from ■ — 

(o) 0" to Vi". 

(b) Vs" to M". 

(c) to H". 

{d) Vi" to M". 

33 . Bright spots appearing on the braze welding puddle will indicate the — 

(а) Wrong type of flame. 

(б) Wrong type of rod. 

(c) Lack of flux. 

(d) Presence of oxides. 

34. The final step of the braze welding process would be to — 

(tt) Quench in cold oil bath. 

(6) Place in a draft of cold air. 

(c) Allow to cool slowly and evenly . 
id) Place under stress immediately. 



CHAPTER 8 

OXYACETYLENE WELDING 

The Navy thinks welding is pretty important. There^s a 
good reason for placing this importance on welding when you 
consider the amount of it necessary to hold the ships, planes, 
machines, and the rest of the metal structures of the Navy 
together. You are going to do a lot of welding in the Navy, 
so it is important that you learn all that you can about welding 
and welding equipment. There's plenty of material written 
about welding. Your chief probably has some of the Bureau of 
Ships publications and a Welder's Encyclopedia, But if he 
hasn't, he can get this material through your educational 
officer. Read all of it that you can g^ your hands on, but 
don't ever forget that it's going to take plenty of practice to 
make an expert welder of you. 

Now, just what is welding? It's a process of joining metal 
parts together while their edges are in a molten or plastic stage. 
The process of joining two metal parts by melting them to- 

9483410—51 16 231 




gether is called the nonpressure or fusion type of 
Pressure processes of welding are methods of ' joining : h^ 
metals under impact, blows, or by pressing them together. 
Forge welding is one of the pressure processes. The force of the 
blow of the blacksmith’s hammer on the heated metal applies 
sufficient pressure to join the parts together. 

Welding processes are classified according to the method of 
joining and sources of heat (see figure 136). Heat for welding 
by the nonpressure method is most often obtained from a gas 
flame or an electric arc. The edges of the parts are melted 
together and additional metal for filling in and reinforcing the 
weld is melted off the end of welding rods. In some cases the 
weld can be made without the use of a rod. 

The most common of the mixtures of fuels for gas welding 
are oxyacetylene, air-acetylene, and oxy-other fuels. Your 
work will be done for the most part with the oxyacetylene 
welding torch. 

Oxyacetylene welding is a nonpressure process in which the 
heat is obtained from an oxyacetylene flame formed by the 
combustion or burning of oxygen and acetylene. The two gases 
are mixed in correct proportions in a torch, which can be con- 
trolled by the operator to give any desired flame adjustment. 

A good weld can be made only by taking into consideration 
every precaution to insure the use of proper tip size,, welding 
rod, flame adjustment, and rod and torch manipulation. In 
some welding operations it is necessary to preheat. In others, 
you may have to cool the part slowly, and heat-treat it after 
welding. Still other special procedures for relieving strains and 
stresses may be required. In some cases, when certain metals 
are being welded, a flux is required to remove oxide and slag 
from the molten metal and to protect the puddle from contact 
with the air. 

A properly welded joint should be uniform in appearance and 
in the amount of weld metal deposited. Fusion of the side- 
walls is important and it should be complete to form a good 
joint. 

In oxyacetylene welding, consideration must be given to the 
proper preparation of the edges of the joint, and to correct 
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Figure 13^. — Master chart of welding processes. 
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OXYAGETYLENE WELDING EQUIPMENT 

Oxyacetylene welding equipment consists of a cylinder of 
acetylene, a cylinder of oxygen, two regulators, two lengths of 
hose TOth fittings, a welding torch with cutting attachments, 
or a separate cutting torch (see figure 137) . Other requirements 
for getting the job done are: a spark lighter to light the torch; 
an apparatus wrench to fit the various connections on regula- 
tors, cylinders, and torches; suitable goggles to protect your 
eyes, and gloves to protect your hands (see figure 138). 



Figure 138. — Smith oxyacetylene welding ond cutting outfit. 


ACETYLENE 

Acetylene is a fuel gas made up of carbon and hydrogen 
Its chemical formula is C^H^. When burned with oxygen 
acetylene produces a very hot flame. An oxidizing flame pro- 
duces a temperature of approximately 6300°F A neutral 
flame will give you about 5850°F., and a carburizing flame 
will produce a temperature of about 5700'’F. (see figure 139) 
These temperatures are developed at the tip of the inner cone 
of the flame. Acetylene gas is colorless but it has an odor 
that IS easy to recognize. Acetylene is made by the action 
between calcium carbide, which is a gray, stonelike substance, 
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Figure '139.- — Characteristics of oxyacetylene welding fiames. 


and water. The gas is made with a generator which has a 
hopper that feeds the carbide into the water. After the gas 
is generated, a slaked lime is left as sludge. The acetylene that 
you will use will come compressed in steel cylinders, under a 
pressure of about 250 pounds. You may use it directly from 
the cylinder like the set-up in figure 137 or it may be furnished 
from a stationary type acetylene cylinder bank (see figure 140). 
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In either case, the acetylene is dissolved in acetone (a liquid) 
and compressed in the cylinder, which is filled with such materials 
as balsa wood, charcoal, finely-shredded asbestos, corn pith, 
Portland cement, or infusorial earth. Infusorial earth is an 
absorbent dirt composed of decaying vegetable and animal 
matter. These filler materials are porous and are used to de- 
crease the size of the open spaces in the cylinder. This is neces- 
sary because of the danger of explosion. Pure acetylene, when 
stored in the free state under a pressure of 29.4 pounds per 
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'become liquid. Tlie temperature is then raised to above 
-“321^ F., at which point the nitrogen becomes gas again and 
is removed. When the temperature of the remaining liquid is 
raised to “297'^ F., the oxygen forms gas and is taken off. The 
oxygen is then further purified and compressed into cylinders 
for use. The other process by which oxygen is obtained is 
known as the electrolytic process. This process consists of run- 
ning an electric current through water to which an acid or alkali 
has been added. The oxygen collects at the positive terminal 
and is passed off through pipes to a container. When supplied 
for use in oxy acetylene welding applications, oxygen is CGntained 
in seamless steel cylinders which have a capacity of 200 cubic 
feet of oxygen at a pressure of 1,300 pounds per square inch 
.and at a temperature of 70® F. 

APPARATUS 

Regulators reduce pressures and control the flow of gases 
from the cylinders. Regulators are either of the single-stage or 
of the double-stage type, depending upon the use for which they 
are intended. Single-stage regulators reduce the pressure of 
the gases in one step, while two-stage regulators perform the 
same work in two steps or stages. Less readjustment is gen- 
erally necessary when the two-stage regulator is used. Figure 
144 shows a typical single-stage regulator. The regulator 
mechanism consists of a nozzle through which the high-pressure 
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Figure 144. — Typical single stage regulator, 
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gases pass, a valve seat ' to a diaphragm, 

and balancing springs,.: .enclosed in a suitable 

housing. Pressure, gages are, provided to indicate the pressure 
in.the cylinder or pipe, line (inlet), as, well as the working pres- 
sure, (outlet). The inlet pressure gage, used to record cylinder 
pressures., .is ,a' high-pressure ,gage, while the outlet pressure 
gage, used to record working pressures, is a low-pressure gage. 
Acetylene regulators and oxygen regulators are of the same 
general type, although these designed for acetylene are not 
made to withstand such high pressures as are those designed 
for use with oxygen cylinders. In the oxygen regulator, the 
oxygen enters the regulator through the high-pressure inlet 
connection and passes through a glass wool filter that removes 
dust and dirt. Turning the adjusting screw in allows the 
oxygen to pass from the high-pressure chamber to the low- 
pressure chamber of the regulator, through the regulator outlet, 
and through the hose to the torch. Turning the adjusting screw 
to the right INCREASES the working pressure; turning it to the 
left DECREASES the working pressure. The high-pressure gage 
is graduated in pounds per square inch from 0 to 3,000 and in 
cubic feet from 0 to 220. This permits reading of the gage 
to determine cylinder pressure and cubic content. The gages 
are graduated to read correctly at 70°F. The working pressure 
gage is graduated in pounds per square inch from 0 to 50, 
from 0 to 200, or from 0 to 400, depending upon the purpose 
for which the regulator is designed. For example, on regulators 
designed for heavy cutting, the working pressure gage is grad- 
uated in pounds per square inch from 0 to 400. 

The two-stage regulator is similar in principle to the one-stage 
regulator. The chief difference being that the total pressure 
drop takes place in two steps instead of one. In the high- 
pressure stage, the cylinder pressure is reduced to an inter- 
mediate pressure. In the low-pressure stage, the pressure is 
reduced from the intermediate pressure to a working pressure. 
A typical two-stage regulator is shown in figure 145. 

The oxyacetylene welding torch is used to mix oxygen 
and acetylene gas in the proper proportions and to control 
the volume of these gases burned at the welding tip. Torches 
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Figure 145. — Two-stage regulator. 

have two needle valves — one for adjusting the flow of oxygen, 
and the other for adjusting the flow of acetylene. In addi- 
tion, they have a handle, two tubes (one each for the oxygen 
and acetylene) a mixing head, and a tip. The tubes are silver 
soldered to the head and the rear end forgings, which are 
in turn fitted into the handle. Welding tips are made from 
copper and are available in different sizes to handle a wide 
range of plate thicknesses. 

There are two types of welding torches. These are the 
low-pressure type and the medium-pressure type. In the low- 
pressure type, the acetylene pressure is less than one pound 
per square inch. A jet of high-pressure oxygen is necessary 
to produce a suction effect which draws in the required amount 
of acetylene. This is accomplished by the design of the mixer 
in the torch, which operates on the injector principle. The 
welding tips may or may not have separate injectors designed 
into the tip. A typical mixing head for the low-pressure or 
injector type of torch is shown in figure 146, 

In the medium-pressure torches, the acetylene is burned 
at pressures from 1 to 15 pounds per square inch. These torches 
are made to operate at equal pressures for acetylene and oxygen . 
They are sometimes called equal-pressure or balanced-pressure 
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Figure 146, — Mixing head for low-pressure type torch. 


torches. The mediura-pressure torch is easier to adjust ihan 
the low-pressure torch, and because equal pressures are used 
for each torch you are less likely to get a flashback. Tliis ziaeans 
that the flame is less likely to catch in or back of the mixing 
chamber. A typical equal-pressure type general purpose 
torch is shown in figure 147. 
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Figure 147. — Equal-pressure type general purpose welding torch. 
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Welding tips and mixers made by different manufacturers 
differ in design. Some makes of torches are provided with an 
individual mixing head or mixer for each size of tip. Other 
makes have only one mixer for several tip sizes. Tips come in 
various types. Some are a one-piece, hard-copper tip. Others 
are a two-piece tip that includes an extension tube to make 
connection between tip and the mixing head. Wlien used with 
an extension tube, removable tips are made of hard copper, 
brass, or bronze. Tip sizes are designated by numbers and each 
manufacturer has his own arrangement for classifying them. 
Tip sizes differ in the diameter of the hole in order to obtain 
in each case the correct volume of heat for the work to be done. 

Hose used to make ^ca^nection between the torch and the 
regulators is strong, nonpofous, and sufficiently flexible and 
light to m# •' '■r.vdi movements easy. It is made to withstand 
high inters. « and the rubber used in its manufacture 

is specially ticated to remove sulphur to avoid the danger of 
spontaneous combustion. Welding hose comes in various sizes, 
depending upon the size of work for which it is intended. Hose 
used for light work is or % of an inch in diameter, and it 
has one or two plies of fabric. For heavy duty welding and 
cutting operations, hose with an inside-^ diameter of ^4 or 
of an inch and 3 to 5 plies of fabric is us. xigie hose comes 
in length of 12% feet to 25 feet. Some manufacturers make a 
double hose which conforms to the same general specifications. 
The hoses used for acetylene and oxygen are the same in grade 
but they differ in color. Oxygen hose is green, acetylene hose 
red. Other precautions to assure that you will not get the hoses 
mixed up are left-hand threads and grooved connection nuts on 
acetylene hose, and left-hand threads on fittings. All oxygen 
cylinder valve threads are right hand. cylinder valve 

threads may be right hand or left h upon the 

manufacturer. 

SETTING UP 

Setting up apparatus and preparing for wielding must 
be done systematically and in a definite order to avoid costly 
mistakes. You should follow the instructions listed below, in 
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the order given, to assure your own safety and the safety of 
your equipment. 

1 . Secure the cylinders so that they won ^t be upset . Remove 

the protecting . caps. ' 

2. Crack the cylinder valves by opening each valve slightly 
for an instant to blow it out clean. Close the valves and 
wipe off the connections with a clean cloth. 

3. Connect the acetylene pressure regulator to the acetylene 
cylinder and the oxygen pressure regulator to the oxj^gen 
cylinder. Use a regulator wrench and tighten the con- 
necting nuts to prevent leakage. 

4 Connect the red hose to the r^^tylene regulator and the 

", witK"\te oxygen m the air it'pro^^?^^- ^ left-hand 

5. Release the regulator screws to avoia or damage to 
the regulators and gages, and open the cylinder valves 
slowly. Read the high-pressure gage to check the contents 
in each cylinder. 

6. Blow out the oxygen hose by turning in the regulator 
screw, and thni' t^mn the screw back out again. If it is 
necessary' c out the acetylene hose, be sure to no 

IT IN A WELL^ 'VENTILATED PLACE, FREE FROM SPARKS, 
FLAME, OR OTHER SOURCES OP IGNITION. 

7. Connect the hose to the torch. Connect the red acetylene 

hose to the connection gland that has the needle valve 
marked .4 C, and the green oxygen hose to the connection 
gland having the needle valve stamped OX, Test all hose 
connections for leaks by turning in both regulator screws 
with th^ '"'Ves closed. Turn out the regulator 

screws ana v,. .m'tniYhose by opening the needle valve 

8. Adjust the tip. Screw the tip into the mixing head and 
assemble in the torch body. Tighten by hand and adjust 
to the proper angle. Secure this adjustment by tightening 
with the wrench provided with the torch. 

9. Adjust the working pressures. The acetylene working 
pressure is adjusted by opening the acetylene torch needle 
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valveand turning the regulator screw to the right. Adjust 
the acetylene regulator to the required working pressure 
for the particular tip size as follows: 

WORKING PRESSURES FOR OXYGEN AND ACETYLENE 
Low-Pressure or Injector Type of Torch 


TIP SIZE 
NO. 


i ACETYLENE PRESSURE 
i LBS. PER SQ. IN. 


OXYGEN PRESSURE 
LBS. PER SQ. IN. 


0 

1 

2 

3 

4 

5 

6 

7 

8 


9 . 

9. 

10 . 

10 . 

11 . 

12 . 


easy. It is made to withstand 
, and the rubber use<^ ’V Hs ' 


10 

1 

12 

1 

15 

1 


19. 

21 . 

25. 

30. 


Medium-Pressure or Balanced-Pressure Type of Torch 


TIP SIZE iACETYLENE PRESSURE OXYGEN PRESSURE 

NO. i LBS. PER SQ. IN. LBS. PER SQ. IN. 


00 ...: 

1. 

1. 

0 ! 

1 

1. 

i 

1 

1. 

2 : 

2 

2. 

3 ; 

3 ... 

3. 

4 

i4 

....'. ; 4. 

5 

;5..... ........ .. 

5. 

6 

le. 

......'i ■ 6.' 


10. Light off and adjust the welding tip. Open the acet^dene 
needle valve on the torch and light the acetylene with a 
spark lighter. Keep your hand out of the way. Adjust 
the acetylene valve until the flame just leaves the tip face. 
Open and adjust the oxygen valve until you get the proper 
neutral flame. Notice that the pure acetylene flame 
which just leaves the tip face is drawn back to the tip 
face when the oxygen is turned on. 


A pure acetylene flame is long and bushy and has a yellowish 
color. It is burned by the oxygen in the air, which is not 
sufficient to burn the acetylene completely, therefore, the flame 
is smoky, producing a soot of fine, unburned carbon. The 
pure acetylene flame is unsuitable for welding. When the 
oxygen valve is opened, the mixed gases burn in contact with 
the tip face. The flame changes to a bluish- white color and 
forms a bright inner cone surrounded by an outer flame-envelope . 
The inner cone develops the high temperature required for 
welding. 

There are three types of flame commonly used for welding. 
These are neutral, reducing or carburizing, and oxidizing 
flames (see figure 116). The neutral flame is produced by 
burning one part of oxygen to one part of acetylene. Together 
with the oxygen in the air it produces complete combustion 
of the acetylene. The luminous white cone is well-defined and 
there is no greenish tinge of acetylene at its tip, nor is there an 
•excess of oxygen. The welding flame should always be adjusted 
to neutral before either the oxidizing or carburizing flame mix- 
ture is set. A neutral flame is obtained by gradually opening the * 
oxygen valve to shorten the acetylene flame until a clearly 
defined inner luminous cone is visible. This is the correct 
flame to use for many metals. It is used for most welding 
and for the preheating flames during cutting operations. The 
temperature at the tip of the inner cone is about fi850°F., while 
at the extreme end of the outer cone it is only about 2300°F. 
This gives you a chance to exercise some temperature control 
by moving the torch closer or farther from the work. When 
steel is welded with this flame, the puddle of molten metal is 
quiet and clear, and the metal flows without boiling, foaming, 
or sparking. 

The CARBURIZING FLAME is produced by burning an excess 
of acetylene. You will be able to recognize it by the feather 
at the tip of the inner cone. At the end of the inner cone, this 
feathery tip has a greenish color. The degree of carburization 
can be judged from the length of the feather. For most welding 
operations the length of the feather should be about twice the 
length of the inner cone. You can always recognize the car- 
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burizing flame by its three distinct colors. These are the bluish- 
white inner cone, a white intermediate cone, and the light-blue 
outer flame. The carburizing flame burns with a temperature of 
about 5700° F. at the tip of the inner cone. When it is used 
for welding steel, the metal boils aiid is not clear. A carbu- 
rizing flame is best for welding high-carbon steels, for hard- 
facing, and for welding nonferrous alloys such as monel. 

The oxidizing flame is produced by burning an excess of 
oxygen. You can identify this flame by the shorter outer 
flame and the small, white, inner cone. It takes about two 
parts of oxygen to one part of acetylene to produce this flame, 
and you will find that the adjustment for the oxidizing flame 
is a bit more difficult to make than the adjustment for other 
flames. To adjust for the oxidizing flame, first adjust to a 
neutral flame and then open the oxygen valve until the inner 
cone is about one-tenth of its original length. An oxidizing 
flame makes a hissing sound, and the inner cone is somewhat 
pointed and purplish in color at the tip. The oxidizing flame 
has a limited use and is harmful to many metals. When it is 
• applied to steel, the oxidizing flame causes the molten metal to 
foam and give ofl sparks. This means that the extra amount of 
oxygen is combining with the steel, causing the metal to burn. 
However, the oxidizing flame does have its uses. A slightly 
oxidizing flame is used in bronze welding of steel and cast iron, 
and a stronger oxidizing flame is used for fusion welding of 
brass and bronze. You will have to determine the amount of 
excess oxygen to use in this type of flame adjustment by watching 
the molten metal. Experience is the best teacher. 

OXYACETYLENE WELDING METHODS AND POSITIONS 

You will discover by practice the method of oxyacetylene 
wielding best adapted to you. There are several methods that 
may be used that will produce good results. If you are right- 
handed you will probably hold the torch in the right hand and 
the rod in the left. But if you are a southpaw, you will probably 
hold the torch in the left hand and the rod in the right. You 


may find it easier to weld from left to right or in the opposite 
direction. The best method to use depends upon the type of 
joint, its position, and the necessity for controlling the heat 
on the parts to be welded. Use the method that seems most 
natural to you, but if you can imitate your chief or first class, 
you'll save yourself a lot of time. 

Forehand, puddle, or ripple welding is the oldest method 
of welding. The rod is kept ahead of the tip in the direction 
in which the weld is being made. Point the flame in the direction 
of the welding and hold the tip at an angle of about 60"^ to the 
plates you are welding (see figure 148) . This position of the 
flame preheats the edges you are welding just ahead of the 
molten puddle. By moving the tip and welding rod back and 
forth in opposite, semicircular paths, you balance the heat to 
melt the end of the rod and the sidewalls of the joint into a 
uniformly distributed molten puddle. As the flame passes the 
rod it melts off a short length of the rod and adds it to the 
puddle. The motion of the torch distributes the molten metal 
evenly to both edges of the joint and to the molten puddle. 
This method is used for welding sheets and light plates in all 
positions. It is not the best method for welding heavy plate, 
as a wide V 90® included angle of bevel is necessary. 

Backhand welding is the newer method of welding. In this 
method the torch tip precedes the rod in the direction of welding, 
and the flame is pointed back at the molten puddle and the com- 
pleted weld. The end of the rod is placed beUveen the torch 
tip and the molten puddle, and the welding tip should make an 
angle of about 60® with the* plates or joint being welded (see 
figure 149) . 

Less motion is required in the backhand method than in the 
forehand method. If ^mu use a straight welding rod, it should 
be rotated so that the end will roll from side to side and melt off 
evenly. You may also bend the rod and, when welding, move 
the rod and torch back and forth at a rather rapid rate. If you 
are making a large weld, you should move the rod so as to make 
complete circles in the molten puddle. The torch is moved 
back and forth across the weld while it is advanced slowly 
and uniformly in the direction of the welding. Youfll find the 
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backhand method best for welding heavy plate. You can use a 
narrower V at the joint than is possible in forehand welding. 
An included angle of 60 ® is sufficient angle of bevel to get a 
good joint. It doesn’t take so much welding rod or so much 
puddling for the backhand method as it does for the forehand 
method. 

Multilayer welding is used in welding thick plate and 
pipe in order to avoid carrying too large a puddle of molten 
metal, which is difficult to control. You can concentrate on 
getting a good weld at the bottom of the V in the first pass. 
Then in the next layers you can concentrate on getting good 
fusion with the sides of the V and the previous layer. The 
final layer is easily controlled to get a smooth surface. This 
method of welding has an added advantage in that it refines 
one layer as the succeeding layer is made. In effect, it heat- 
treats the weld metal by allowing one layer to cool to a black 
heat before it is reheated. This improves the ductility of the 
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weld metal. If this added quality is desired of the last layer, 
an additional or succeeding layer is deposited and then machined 
off smooth. . 

All welding is done in one of four positions. These are : flat, 
VEBTiCAL, OVERHEAD, and HORIZONTAL. The flat position is 
the easiest for you to start on. 



BACKHAND WELDS 



Figure 149. — Backhand welding. 


Running a head without a filler in the fiat 'position should be 
your No. 1 job. A bit of help and supervision from a rated 
Metalsmith is a mu'"' n ^^our first welding job. Take a look 
at figure 150. You ic n^u ^ to weld two pieces together 
in a job like this; but you're just going to run a bead. Select a 
piece of stock by 2 by 4 inches. Place this piece on two 
firebricks so that the part to be heated will not contact the 
bricks. Use a No. 2 torch tip. Adjust the flame to neutral 
or slightly carburizing. Avoid an oxidizing flame. Don't 
forget your goggles and gloves. If you are right-handed, 
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start at the right and work to the left. Hold the torch tip so 
that it makes an angle of 90° across the line of the weld. Direct 
the inner cone of the flame at a point near the right edge of the 
metal and hold it there until a molten puddle forms. Keep 
the tip of the cone from >4 to inch away from the surface 
of the molten metal. As soon as your puddle is formed, move 
the torch slowly forward with the weaving motion shown in 
figure 150. Both the forward motion and the weaving motion 



Figure 150. — Running a bead without o filler. 

must be uniform if you are to get a smooth, regular bead. A 
good bead weld must have a uniform width of weld face, a 
surface of weld slightly below the surface of the base metal, 
and a thin film of oxides on the surface of the weld. The speed 
wdth which the flame is carried along the plate should be regu- 
lated to get good fusion without burning through. When you 
think you are pretty good, try a thinner piece of stock. A 
bead without filler can be used to w’eld an edge like the one in 
figure 151. Just taek-weld the ends by fusing them together 
and if you are right-handed, start a puddle at the right and run 
your weld to the left. 



RotNING, A BEAD IN THE FLAT . POSITION WITH ADDED FILLER 
METAL is the next step in welding. This job is very similar to 
the first job you tackled. In this job the bead is built up by 
adding filler metal (welding rod) . Use a ^ 2 -inch mild 
steel rod. The weld should be built up about 25 percent or 
an amount equal to one fourth the thickness of the stock. 
Start the puddle and as soon.as it is formed add the end of the 
welding rod to the middle of it. Keep the inner cone of the 
flame weaving. The movement of the rod should be opposite 
to that of the flame. When the flame is on one side of the 
puddle, the rod should be on the other side. Stir the end of 
the rod in the puddle, not above it. Do not direct the flame 
at the end of the rod. Let the puddle melt it. Direct the 
flame so that it preheats the weld area uniformly, or you won^t 
get good fusion. If you hold and manipulate your torch and 
rod just right, you should get a job like the one shown in figure 
152. ■ 


FUSING TWO EDGES 

(NO FILLER ADDED) 



Figure 151.-— Fusing edges without added fifSer. 
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There: are five basic types ■ of welded joints . These are the 
BUTT, LAP, T~, CORNER, and EDGE joints (see figure 154). 

The butt joint is used to join the ends or edges of two plates 
or surfaces located in the same plane with each other. Edges 
for butt welds can be prepared by fiame cutting, shearing, 



Figure 152. — Adding filler metal in the flaf position. 

Incorrect torch manipulation will cause undercutting and 
OVERLAPPING (see figure 153) . 



flame grooving, machining, chipping, or grinding. The edge 
surfaces should in either case be free of oxides, scale, dirt, 
grease, or other foreign matter. The types of welds applicable 
to butt joints are (see figure 155): 


1. Square groove. 

2. Single-V groove. 

3. Double-V groove. 

4. Single bevel groove. 

5. Double bevel groove. 


6. Single-U groove. 

7. Double-U groove. 

8. Single- J groove. 

9. Double- J groove. 










Figure 154. — Types of welded loints. 

Plate from jnch can be satisfactorily welded from one 

side only, but heavier sections should be welded by preparing 
the edges from both sides. Generally, butt joints prepared 
from both sides permit easier welding, produce less distortion, 
and insure better weld-metal qualities in heavy sections than 
joints prepared from one side only. Butt welding in the flat 
position is used a lot on sheet metal. To do the job, tack the 
two pieces of sheet together leaving a gap of He i^^ch. Be 
sure that your flame is correctly adjusted to a neutral or slightly 
carburizing flame. Let the tacks cool and then start a puddle 
at the end from which you work. This is where you really 
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begin to learn about fusion and penetration. Both have to be 
just right to get a good weld. The position of your torch and 
rod are most important in making a good butt joint in the flat 
position. Study these positions shown in figure 156. 

Hold the welding tip at an angle of 45® to the base plate 



DOUBLE BEVEL DOUBLE-U DOUBLE-J 


Figure 155. — Groove weUJs. 


Control the flame so as to melt or break down the sidewalls of 
the stock as well as to melt enough of the welding rod to pro- 
duce a puddle of the desired size. If you weave the welding 
tip and the rod in the right direction, you can carry along a 



Figure 156.— Position of the rod and torch in making a butt joint in the flat position. 

moiten puddle that will give you complete penetration and 
enough filler metal to reinforce the weld. Be especially careful 
not to overheat the molten puddle, as it will result in burnt 
metal and low strength in the completed weld. 

To RUN A BEAD WELD IN VERTICAL POSITION, yoU have the 
problem of keeping the molten metal from running down and 
piling up. To control the flow of the molten metal, hold your 
flame below your welding rod, pointing upward at an angle of 
45® to the stock. The gas pressure from the torch will support 
the moiten metal and distribute it evenly along the joint. If 
you will bend your welding rod at an angle of 90® a short dis- 
tance from the end, it will be easier to add filler metal to the 
joint. 
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Butt JOINTS welded in the vertical position should be 
prepared for welding like butt joints weldedin the flat position. 
Take a look at figure 157 and cneck the position of .the •torch 
tip and welding rod. 




Figure 157. — Welding a butt joint in the vertical position. 

In making a butt joint in the vertical position in plate, the 
sidewalls must be melted and sufficient filler metal added by- 
melting the welding rod. Youfll need to incline the tip at an 
angle of 45°, directing the flame upward to keep the molten 
metal from sagging. 

To RUN A BEAD WELD IN THE OVERHEAD POSITION yOu41 have 
to overcome the tendency of the molten metal to drop down or 
sag on the plate. This causes the bead to have a slight crown. 
Keep your puddle small to overcome this difficulty, and add 
enough filler metal to get good fusion with some reinforcement 
at the bead. If your molten puddle gets too large, take the 
flame away for an instant to allow the metal to freeze before 
going on with the welding. When you are welding light sheets, 
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you'll find that the best method is to apply heat equally to the 
base metal and the filler rod to control the size of the puddle. 

A BUTT joiNT'iN THE OVERHEAD ' POs^^ is shown in figure 
158. Direct the flame so as to melt both edges and add enough 
filler metal to keep the puddle at the right size and give ample 



reinforcement. Y'oufll have to watch the position of the flame 
so that it will support the molten metal and distribute it along 
the Joint. Don't use too large a welding rod, as you will have 
to keep a small puddle. Watch your heat to see that it is dis- 
tributed evenly, so you won't burn through the plate. This is 
especially important when the welding can be done from but 
one side. 

A BUTT WELD IN THE HORIZONTAL POSITION ON A VERTICAL 
FIXED PIPE is one of the toughest Jobs that you will run into. 
Bevel the Joint to 30® and tack-weld it in four places. Hold the 
torch SO that the flame points slightly upward. Use the back- 
hand method. Start at a tack and carry the weld completely 
around the pipe. When you have mastered the horizontal weld 
on a vertical pipe, you can start calling yourself a welder. After 
that you won't have to worry about passing welding tests for 
Metalsmith 3 and 2. 
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You have seen how the butt joint may be used in the four 
positions . Now the other types of Joints (see figure 154) you’ll 
remember are the corner, edge, lap, and T-joint. 



Figure 159. — Horizontal weld on vertical fixed pipe. 

The CORNER JOINT is used to join the edges of two plates, the 
surfaces of which are at an angle of 90® to each other. The 
corner joint shown in figure 154 i is used in making box frames, 
tanks, boxes, and similar articles. You can weld from one or 
both sides, depending upon the position and the type of corner 
joint used. Figure 160 shows you some of the more common 
types of joint designs used in making corner joints. 

In figure 160, A is a closed-type corner joint used on lighter 
sheets and plates, where the strength at the joint is not re- 
quired to be top great. To make the joint, melt the overlapping 
edge with the torch and add only a small amount of filler metal 
to make the joint. When you are welding heavy sections, 
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F-bevel or t/-groove the lapped plate to permit penetration to 
the root of the joint. B shows an open-type corner joint which 
you’ll use on heavier sheet and plate. Melt down the two edges 
of the plate and add enough filler to build up the corner from 
one side. C is an open corner joint used with heavy plate and 
welded from both sides. You first weld the joint from the out- 
side and then reinforce it from the back side with a seal bead. 



Figure 160. — Types of corner joints for sheet and plate. 

The EDGE JOINT which you’ll remember as one of your first 
jobs, is used mainly to join the edges of sheet metal and to weld 
reinforcing plates on flanges of I-beams or edges of angles. 
Enough filler metal has to be added to fuse both edges and 
reinforce the joint. Figure 161 shows tw'o common types of 
edge joints. A is used for welding thin sheets. You won’t have 
to prepare the edges in this type of joint except for cleaning and 
tacking them together. The joint shown in B is used for heavy 
plate. You’ll have to bevel the edges in this type of joint to 
get good dej^th of penetration and fusion of the sidewalls. 

The LAP joiNT IS used to weld two sections of plate so that 
each section of plate is welded to the other plate. If the design 
of the joint won’t permit you to weld from both sides, you can 
make the joint by welding one side only. A joint weld on one 
side only, however, doesn’t develop its full strength, but it is 
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stronger thaH' a butt joint in some places. Tubing or frames 
that overlap or telescope together are cases' where lap ■ joints 
are better than butt joints. 



Figure 161, — Edge foints for sheef and plate. 


!. The ¥"JOint is used to weld two sections of plate when the 

surfaces are required to be at an angle of 90® to each other, k 
{ plain T-joint like the one in figure 154 requires little prepara- 


tion; but for thicker plate, special preparation is required (see 
figure 162). 




CONTROL OF EXPANSION AND CONTRACTION 

You know that when a metal is heated it expands and when 
it cools it contracts. In other words, its dimensions increase 
when it is heated, and they decrease when the metal is cooled. 
The high temperatures required for welding cause a lot of 
trouble in the form of warping, knuckling, and other forms of 
distortion. Figure 163 shows how distortion may occur if it is 
not allowed for or controlled. 



VERTICAL WORK PULLED OFF CENTER 



FLAT WORK PULLED OUT OF LINE 



FLAT WORK IS DRAWN INTO CURVE 

Figure 1 63. •— Distortion caused by heating and cooling. 

Tack-welding helps a lot in preventing undue distortion. 
You^ll usually tack-weld sheet metal joints at short intervals. 
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Most Joiats can be alined and held in place with pieces of angle 
iron and C-clamps. Special clamps and jigs may have to be 
made up for some jobs. On a straight butt-welded seam you 
can make allowances for distortion by spacing the edges as sho\vn 
in figure 164. The usual allowance for steel is | inch per lineal 
(running) foot. As the weld metal cools behind the puddle, it 
will contract and pull the edges into the proper position. A. 
wedge may be used to keep a long joint open for welding. 
Keep the wedge approximately 18 inches ahead of the weld. 
(See figure 165.) 



Figure 164. — Allowance for straight butt weld. 






WEDGE PLACED APPROX._ 
18" AHEAD OF WELD 


DIRECTION OF WELDING - 


DIRECTION OF CONTRACTION - 

^ 


HTT 


H 


It t t t 




Figure 165. — Keeping the joint open with a wedge. 
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In addition to the simple expansion and contraction encount- 
ered when heating and cooling metal, there are certain internal 
stresses and strains set up by the heating and cooling pro<‘ess. 
These may be powerful enough to cause a l)reak in the weaken* 
portions of the metak Even if there is no break there is always 
that internal stress left as a result of heating if tlie metal is 
improperly treated. To minimize these internal stresses and 
strains, either the stagger method of welding, or the baekstep 
method of welding may be used. Preheating and postheating 
are also important in the removing of internal stresses. 

Backstep welding is simply a method of welding one section 
of the joint at a time in the opposite direction from the general 
direction of the ‘welding. This method directs the heat on the 
weld away from the open end of the joint. Of course you will 
have to clean each section as you go along, and the method is 
slower than running an ordinary bead weld. You will find this 
method especially useful in the welding of long joints (see 
figure 166). 


DIRECTION OF 
TRAVEL OF 

rod! 


DIRECTION OF 
WELDING 



Figure 166. — Backstep method of welding. 




The staggeh method of welding is no different from other 
types of welding that you have done except that instead of 
running a continuous bead frona one end of the joint to the 
other, you weld separate sections leaving a gap along the joint 
(see figure 167). Then you go back and fill in the gaps. 


mam 


wwm=======^^ 


mm 


DIRECTION OF WELDING' 


STAGGER WELDING 

Figure 167. — Stagger welding. 


Preheating may somewhat control expansion and contrac- 
tion in castings. Before you weld small gray iron castings, you 
should preheat them with your torch to a very dull red heat 
visible in a darkened room. After you weld the castings, reheat- 
ing and slow cooling — annealing— will relieve all internal stresses 
and assure a proper gray iron structure. For larger castings, 
you may have to construct a temporary furnace of firebrick 
covered with asbestos sheet. Quite often only local preheating 
of the part next to the weld will do the job. Your Hauck Burner, 
gasoline torch, or your acetylene torch may be used for this 
purpose. Before you weld a crack that runs from the edge of a 
casting, you will do well to drill a hole about J^linch from the 
end of the crack. Then if the crack starts to run when the heat 
is applied, it will run only as far as the hole. The same methods 
that apply to gray iron castings will apply to steel castings or 
castings to be bronze-welded, except that you need less preheat. 
Some methods are shown in figure 168 for expanding castings 
before welding when it is not convenient or practical to preheat 
them all over. 
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There are a lot of things that you will have to know and remember to do a good job of welding. 
Some of these you will have to learn the hard way. Others you can pick up from such sources as the 




QUIZ 


Select tlie one best answer to each of the following statements. 

1. Acetylene is a compound of— 

(а) Illuminating gas and oxygen. 

(б) Oxygen and carbon, 

(c) Carbon and hydrogen. 

(d) Calcium and illuminating gas. 

2. Acetylene cylinders are frequently charged to pressures as high as — 

(a) 250p.s.i. 

(5) 500 p.s.i. 

(c) 750p.s.i. 

(d) lOOOp.s.i. 

3. The material used to dissolve free acetylene for compression into the 
acetylene cylinder is — 

(a) Acetone. 

(b) Amyl alcohol. 

(c) Carbon disulfide. 

(d) Cotton. 

4. Precautions shall be taken in handling acetylene cylinders to prevent 
dropping or subjecting to other shocks or blows because they are — 

(a) Highly explosive. 

(b) Easily damaged. 

(c) Extremely fragile. 

(d) Highly volatile. 

5. The best test for acetylene leaks is the use of— 

(a) Anopenfiame. 

(b) Soapy water. 

(c) Compressed air. 

(d) Test paste. 

6. An oxygen regulator is used to — 

(a) Adjust the flow of oxygen from the torch. 

(h) Reduce the cylinder pressure to working pressure. 

(c) Adjust the pressure in the cylinder. 

(d) Prevent condensation of the oxygen. 

7. The color of acetylene hose of the welding outfit is — 

(а) Yellow. 

(б) White. 

(c) Red. 

(d) Green. 
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8. The oxyacetylene welding equipment is ecjiiippeci wit h 

(а) Left4iand' threads on eonneetkni 

and right-hand threads: on acetylene hose eon- . , 
nections. ; . . 

(б) Left-hand threads on both oxygen and acetylene 
hose connections. 

(c) Rightdiand threads on both oxygen and 
lene hose connections. 

(d) Right-hand threads on oxygen hose connections 

and left-hand threads on acetylene hose con- 
- nections. 

9. Before opening the oxygen cylinder valve, the regulator a.dju>ting 
screw should be — 

(а) Released. 

(б) Removed. 

(c) Turned in all the way. 

(d) Tightened to finger tightness. 

10. The type of torch flame produced by burning an excess of acetylene 
is— ^ ■■ ■ 

(а) Neutral. 

(б) Decarburizing, 

(c) Carburizing. 

(d) Oxidizing. 

11. An oxidizing welding flame is produced by burning — 

(а) An excess of acetylene. 

(б) An excess of oxygen. 

(c) Equal parts of oxygen and acetylene. 

(d) A small amount of acetone in the mixture. 

12. The method of welding in which the torch tip precedes the rod, and 
the flame is pointed back at the molten puddle is called— 

(а) Forehand, 

(б) Puddle. 

(c) Ripple. 

(d) Backhand. 

13. A method of welding, used to minimize internai stresses and strains, 
in which one section of the joint is welded at a time in the opposite 
direction from the general direction of welding is referred to as — 

(а) Tack welding. 

(б) Backstep welding. 

(c) Stagger welding- • 

(d) Backhand welding. 
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Ill the following matcbing questions, match the color markings in 
column A with ..the appropriate gases ' in' column B , . ■ 

■ A . B 


14. Fire extinguisher-red all 

(a) 

Acetylene. 

over. All others — ma- 

(b) 

Air.' 

chine tool gray all over. 

(c) 

Carbon 



dioxide. 

15. Black with 2-inch red band 

(d) 

Ghlorine. 

and white neck band. 

, (e) 

Helium 



(breathing) . 

16. Black all over. 

(/) 

Hydrogen. 


(s) 

Nitrous oxide 

17. Yellow with brown neck 


(technical) . 


band. 

18. Black all over except for 
b-inch light blue neck 
band. 


In the following matching questions, match the gases in column A with 
the appropriate color markings in column B. 


A 


B 

19. Aerosol. 

(a) 

Api>ie green all over. 


(6) 

Black with brown 

20. Ammonia, 


neck band. 


(c) 

Black with yellow 

21. Ethyl oxide. 


neck band . 


id) 

Black with machine 

22. Nitrogen. 


tool gray neck band. 


(e) 

Machine tool gray 



with orange neck 

23. Oxygen (aviator). 


band . 


(/) 

Machine tool gray 
with 2-inch orange 
hand and orange neck 
band separated by 2- 
inch gray hand. 


(g) 

Machine tool gray 
with 2-iuch rod !)and 
and red neck hand 



separated by 2-inch 
gray band. 
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24-33. The following is a list of steps, briefly stated, to be followed in 
setting-up oxyacetylene welding apparatus. Rearrange in the proper order. 

(а) Connect regulators to their respective 
cylinders, 

(б) Attach hose to their respective regu- 
lators. 

(c) Blow out oxygen hose; and acetylene 
hose if necessary, adhering to all 
safety precautions. 

(d) Adjust tip. 

(e) Light off and adjust tip flame. 

(/) Adjust working pressures. 

(g) ‘‘Crack” cylinder valves to blow out 
clean. 

(h) Connect hose to torch. 

(i) Release regulator screws. 

(j) Fasten dowm the cylinders. 
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CHAPTER 9 


ARC WELDING 

During the first World War, the U. S. Navy used arc welding 
as an emergency salvage tool. The results were so successful 
that arc-welding gear is now recognized as standard equipment 
in naval shipyards, on warships, in dry docks, and marine 
service shops. The German pocket battleship first demon- 
strated the possibilities of arc welding in naval warfare. It 
reduced the cost of ship construction, decreased the dead \veight, 
and increased the carrying capacity. A modern battleship now 
contains about a thousand miles of welds. Most of those are 
arc welded. Arc welding is used in the construction of bulk- 
heads, decks, masts, piping systems, and other parts of the 
ship. You are going to do most of the structural arc welding 
aboard ship as well as the bulk of the welding required by the 
engineer department. 

When a job comes up you’ll usually be instructed by your 
chief as to whether the job is to be done by arc or oxyacetylene 
welding. But if it is left to you to decide how the Job is to be 
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I done, you'll have to use your own judgment. As a general rule, 
) the gas — oxyacetylene — ^method is used for fusion welding, 
bronze welding, and brass brazing of sheet metals and light seo 
■ tions of forgings, castings, and piping. The arc is usini for 
fusion welding of heavy plates, shapes, castings, forgings, and 
i pipes. For many jobs the method makes little diifcremie. \\ 

: you do have to decide which method to use, consider tlH‘se 

factors: availability of equipment, location of the welding job, 
^ and your own ability. 

i Arc welding is one of the major welding processes which does 

i not require pressure to complete the Aveld. Arc welding is done 
by melting the edges of the plate, forming the joint, and flowing 
I; the edges together. Metal arc welding involves the us(‘ of elec- 
I trodes for filler metal, but carbon arc may be done with or 
I without filler metal, depending upon the type of weld. Tein- 

f peratures around 6500° F. are developed in the arc between a 

suitable electrode and the base metal or between two electrodes. 
You are familiar with the spark which Jumps across the gap in 
an automobile spark plug. It is the heat of this spark which 
ignites the compressed gasoline vapors. The same principle is 
used in arc welding — the heat of the spark or arc is used to melt 
the metals. In metal arc welding, the arc is maintained between 
a metal electrode and the base metal. In carbon arc welding, 
the arc is formed between two carbon electrodes or between a 
carbon electrode and the base metal. In atomic-hydrogen 
welding, the arc is formed and maintained between two tung- 
sten electrodes. 

ARC-WELDING EQUIPMENT 

arc-welding equipment consists of an electric arc- 
welding machine driven either by an electric motor or a gasoline 
engine, two cables, an electrode holder, metal and carbon 
electrodes, and equipment for personal protection. 

Arc- welding machines may be classified by the type of cur- 
rent supplied at the arc. One type of current is direct current; 
.the other is alternating current. 

A DIRECT cuRREi^T WELDER is made Up of a direct current 
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generator driven by a suitable motor or engine. The voltage pro- 
duced by this generator usually ranges from 15 to 45 volts across 
the arc, and the current output varies from 20 to 800 amperes, 
depending on the type of unit. In most units the voltage output 
of the generator is controlled by an automatic device which ad- 
justs the output to the demands of the arc. However, this voltage 
may be set by the manual adjustment of a rheostat mounted on 
the control panel. Amperage can also be set by hand and this 
is usually set to the proper range with a selector switch. If 
both the voltage and the amperage can be set by hand, the 
machine is called the dual-control type. The machine shown in 
figure 169 is a dual-control type of machine located on an 
ordnance handling truck, A ground plate is attached to the 
work to be welded, and the metal or carbon electrode is clamped 
in the electrode holder. 



Figure 169. — Duo I- control direct current, motor generator, arc-welding machine. 

When a power supply is available, welding generators are 
usually driven by an electric motor. Some of these units are so 
constructed that the generator is driven by the electric motor. 
They are connected by means of a flexible coupling. Others 
are set up with the generator and the motor on the same shaft. 
Where a power supply is not available for your arc-welding 
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machine, you may have to use a motor-driven generator. In 
this ease the motor must be equipped with a governor to com- 
pensate for the varying loads imposed by the welder. 

Altebnating-cureent welding machines are of two general 
types— the transformer and the motor-generator type. The 
transformer (cracker box) type a.c. welding machine gets its 
welding current from a closed core transformer. The primary 
coil of this transformer is hooked up directly with the power 
line, and the secondary coil is tapped at intervals to vary the 
welding current strength. 



Figure 170, — Typical fransformef-type alternating current arc- welding mochine 

(cracker box). 


The a.c. motor-generator type welding machine is supplied 
with current by a high frequency generator which has a two- 
position switch that allows you to change the output from a 
high to a low value. Except for the fact that you will have to 
use a heavily coated electrode with alternating-current welding 
machines, you^ll find them about as adapi-able as the direct- 
current machines. 

On board ship you will work from a panel which is supplied 
with current from two master generators. On repair ships and 
tenders you’ll have both alternating current and direct current. 
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Figure 171. — Typical motor generator type alternating-current type welding machine. 


You’ll also have portable machines mounted on a truck or dolly. 

The CABLES used with welding machines must have ample 
current-carrying capacity and be insulated with a heavy rubber 
cover. One end of the cable is attached to the work table and 
the other to the ground lug of the welding machine. The other 
cable must be more flexible, as it is attached to the electrode 
holder on one end and to a lug on the machine on the other end . 

The electrode holder, usually referred to as a stinger, is an 
insulated clamping device for holding the electrode (see figure 
172). The electrode may be clamped in any desirable angle, 
but it must make good electrical contact with the jaws. The 
holder must be light in weight and be capable of carrying the 
required current for welding without overheating. 

ELECTRODES 

Metal electrodes used for arc welding comes in sizes ranging 
from Vie inch to larger than % inch in diameter, and 9, 12, 
14, and 18 inches in length. These sizes are available in bare, 





Figure 172.— - Electrode holders, 


light or wash-coated j and heavy-coated or shielded-arc types. 

Most of your important metal arc welds are made with heavy- 
coated electrodes because of the greater strength and ductility 
of the weld metal as compared with that you get from bare 
electrodes. 

Carbon electrodes come in lengths of 12 inches and di- 
ameters ranging from 5^2 fo 1 inch. They are made from pure 
graphite or baked carbon and are used for carbon arc welding 
with bare or flux-coated filler rod. 

Bare electrodes are made of wire having a certain predeter- 
mined composition. Their surface is not treated by anything 
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Figure 173. — Three types of arc-welding electrodes. 



Thinly coated electrodes are made of wire of a definite 
composition with athin coating of ironoxide andtitanium dioxide. 
The coating serves to improve the stability and characteristics 
of the arc stream. The coatings dissolve or reduce impurities 
like oxide, sulphur, and phosphorus and keep them out of the 
weld deposit. The coatings also make the flow of molten metal 
more uniform and continuous. Some of these coatings may 
produce a slag, but it is thin. Figure 174 illustrates the action 
of light-coated electrodes in welding. 



Figure 174. — ^Action of light-coated electrode. 


Shield ED-ARC or heavy-coated electrodes are made of wire 
of definite composition and are heavily coated. The coatings are 
designed to improve the physical properties of the weld deposit 
and q,rc stability. As a result they increase the speed of 

a,na the ease of welding in the overhead and vertical 
positions. The protection provided by the heavy coating keeps 
oxygen from the air from combining with the molten metal of 
the weld deposit to cause porosity and oxidizing or burning of 
the weld. Without the protectibn of the heavy coating, nitrides 
would also be found in the welds in hard particles which would 
cause brittleness, low ductility, low strength, and poor resis- 
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iance to corrosion. The heavy coatings, then, protect the weld 
deposit l>y !)oth chemical and mechanical action. 

There are two general types of coatings for electrodes: cellu- 
lose coatings and mineral coatings. Combinations of both 
types are also used. The cellulose-coaled shielded types are 
made from wood pulp, sawdust, cotton, or compositions secured 
from rayon. The rninend-coated shielded types are derived 
from asbestos and clay. Other materials used for electrode 
coatings are burnt sugar, gums, and starches. The first type, 
cellulose, depends upon a gaseous shielding or covering around 
the arc stream as well as upon a slag covering over the weld 
metal. The mineral type depends upon the slag as a shield. 

The action of the shielded-arc or heavy-coated electrode 
is illustrated in figure 175. 


♦ 
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To do a good job of arc welding you must have certain acces- 
sories in addition to your welding equipment. 

A COMBINATION/ OHIPPINO' HAMMER AND' WIRE BRUSH is re- 
quired to loosen the slag and clean each weld bead before further 
welding. The ware brush is replaceable on a tool of this kind. 

A WELDING TABLE is a must in a well-equipped shop. If your 
ship isn’t equipped with a welding table, you can make one tike 
the table illustrated in figure 176. It should be constructed of 
steel with legs of pipe or angle iron. The top should be made of 
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a Hteel plate. A container for electrodes and an insulated hook 
for the electrode holder should be provided. 

You'll also need some common C~clamps or other clamp 
l»’ackets to hold your work in position for welding. Iks a good 
idea also to collect some strips and bars of copper and cast 
iron to use for back-up bars when you are welding light 
sheet. You 11 probably also need some carbon Ijlocks, asbestos, 
or fire clay to use in making molds when building up sections. 

ON GUARD 

For your own personal protection youdi need, helmets or face 
shields, gloves, and protective clothing. You should never 
expose your eyes or skin even for an instant to the ultra-violet 
and infrared rays of the electric arc. If you do, it will result 
in what welders call ^%ot sand in the eyes.^’ This doesn’t 
result in permanent injury but it is painful while it lasts. The 
effect on the skin is similar to sunburn. You must also consider 
the people working around you. Shields should be provided for 
their protection. Your hands should be protected from burns 
from hot metal as well as from the rays. Gloves, sleeves, and 
aprons of chrome leather or spark-resisting duck like the ones 
shown in figure 177 should be worn. 

If your welding involves zinc you will notice an irritation in 
the nose and throat after breathing heavy concentrations of 
the fumes. This is caused by zinc fumes which attack the 
membranes. The best preventive measure is to have the com- 
partment well-ventilated. 


ARC-WELDING PROCEDURE 

The welding machine controls for amperage, voltage, and 
other adjustments must be set to provide the correct current for 
the following: the electrode used, the thickness of the plate 
being welded, the position of the weld, and the welder’s skill. 
No specific directions are given here for setting the controls 
because they vary on the different types and sizes of machines 
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Figure 177. — Melalsmith properly clothed for arc-welding, 


289 



made different maEufacturerSv Get an experienced welder 
to break you in on the machine yon 11 use. As gain exper- 
ience, you’ll learn to make yonr own adjustments, using data 
published by the manufacturers only as a guide. Experience is 
the best guide for making the necessary adjustments to fulfill 
the r(K[uirements of the job. For the first setting of the machine 
the first table in figure 178 may be used when welding with bare 
and lightly coated electrodes. The arc voltage will vary from 



Electrode 

Diameter 


COMPARISON Of CURRENTS USED WITH GASEOUS AND SLAG TYPES OF ELECTRODE 


about 17 volts for electrodes to 30 volts for ^ inch 

electrodes of either the bare or lightly coated types. You gen- 
erally wonT use an electrode of more than inch diameter for 
overhead or vertical welding positions. 


RANGE OF CURRENT SETTINGS FOR BARE AND LIGHTLY COATED ELECTRODES 


Electrode Diameter 

Amperes 

Minimum Moximwm 

Standard Electrode 
Lengths 

Vi s in. 

40 

60 

— , 

%2 in. 

70 

90 

llV2m. 

Vs in. 

no 

135 

14 or 18 in. 

%2 ii^- 

150 

180 

14 or 18 in. 

% f) i*^- 

180 

220 

14 or 18 in. 

y4"in. 

250 

300 

14 or 18 in. 


300 

425 

14 or 18 in. 


450 

550 

14 or 18 in. 


* Diameters, V4 and %'in., are for flat position only. 


GASEOUS TYPE 


Flat 

Position 

{Amperes) 


Fiat Position 
(Amperes) 


Vertical and Overhead 
Positions (Amperes) 


Electrode 

Diameter 


1 - 

Vb in 


60 

120 

150 

175 

250 

325 

425 


60 

no 

140 

160 


130 

160 

200 

300 

400 

500 


Figure 178. — Ronge of current settings. 
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The mineral-coated type of shielded-arc electrode, which 
produces a slag as a shield, requires higher welding currents 
than the cellulose-coated type, which produces large volumes 
of gases to shield the arc stream. The second table in figure 178 
shows a comparison of the current required for the mineral- 
coated or slag-forming electrode and the cellulose-coated or 
gaseous type of electrode. The voltage will vary from about 
20 volts for the ^ 2 ’ii^ch electrodes to 30 volts for the %-mch. 
heavy-coated electrodes of either type. 

In addition to proper adjustment for current and voltage to 
give proper welding conditions for the particular size and type 
of electrode used, it is necessary to consider polarity. 

The POLARITY of a direct current welding arc may be straight 
or reversed. In straight polarity the electrode is always nega- 
tive, In reverse polarity the electrode is positive (see figure 179) . 
The polarity recommended for use with a particular type 
electrode is specified by the manufacturer. Generally, straight 
polarity is used for all mild steel, bare or lightly coated elec- 
trodes . In welding nonferrous metals such as aluminum, bronze , 
monel, nickel, and also with some heavy-coated electrodes, 
reverse polarity is used. Reverse polarity is also used for mak- 
ing vertical and overhead welds. The proper polarity can be 
recognized by the sharp cracking sound of the arc. Improper 
polarity for a given electrode will cause the arc to give off a 
hissing sound and wdll make control of the welding bead difficult. 

After the machine has been properly adjusted, the bare end 
of the electrode should be gripped in the electrode holder so that 
the entire length of the electrode can be deposited without 
breaking the arc . If 'yon are welding with a very long electrode, 
you may find it worth while to bare the center of the electrode 
for the holder grip. Carbon or graphite electrodes should be 
gripped short of the full length to avoid overheating the entire 
electrode. 

STRIKING THE ARC 

There are two ways of getting the arc started after you have 
properly set up and adjusted your welding machine. These are 
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'ELECTRODE 



Figure 179.*— Polarity in arc welding. 

the striking or brushing method, and the tapping method. 
In either method the arc is formed by short-circuiting the 
welding current between the electrode and the joint to be 
welded. The heat of the high current at the arc causes both the 
end of the electrode and the spot struck on the metal to melt 
instantly. 

In the steikingor brushing method, the end of the electrode 
is brought down to the work in a continuous motion that 
describes the arc of a circle. As soon as you touch the surface 
of the base metal, the downward motion is checked and the 
electrode is raised to make the arc. The distance between the 




electrode and the base metaL about equal to the 

diameter of the electrode. You'll know by the sharp crackling 
sound when you have the right length arc. 



In the tapping method, you hold the electrode in a vertical 
position to the plate. You establish the arc by lowering the 
electrode and tapping or bouncing it on the surface of the base 
metal and then slowly raising it a short distance. 

When you strike the arc, be sure not to raise the electrode too 
quickly or the arc length will be increased too much and you 
will lose the arc. If you raise it too slowly, the electrode will 
freeze or stick to the base metal. When this happens, you can 
usually free it by a quick sidewise wrist motion. If the elec- 
trode is nof freed by this motion, remove the holder from the 
electrode or stop the machine. A light chisel blow will then 
free the electrode and it can again be gripped in the holder. 
Don't remove your helmet or shield from your eyes while work- 
ing with the electrode. 
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After the arc is struck, particles of metal melt off the end of 
the electrode, and are fed into the molten crater of the base 
metal. This causes the electrode to shorten and the arc to in- 
crease in length unless you keep moving the electrode closer to 



the base metal as the end is fed off. If the electrode is fed 
down to the plate and along the surface at a constant rate, a 
bead of metal will be deposited or welded on to the surface of 
the base metal. Before you advance your arc, hold it for a 
short time at the starting point to insure good fusion and to 
build up the bead slightly. Good arc welding depends upon 
good control of the motion of the electrode down to and along 
the surface of the base metal. 


CHOOSE THE BEST METHOD 

In general, the types of welds and types of joints for arc 
welding are the same as those used in gas welding. Also the 
positions of welds are the same as in gas welding, and like gas 
welding, arc-welding technique must differ somewhat for the 
different positions used. The position of the electrode in rela- 
tion to the joint being welded is a factor of prime importance. 

For welding a bead in the flat position, the electrode should 
be held at a 90° angle to the base metal. In order to get a good 
view of the molten puddle, you may find it convenient to tilt 
the electrode from 5° to 15° in the direction of welding. DonT 
move the electrode from side to side, but move it forward just 
fast enough to deposit the weld metal uniformly, and move it 
downward as rapidly as the molten metal is deposited to keep 
the arc constant. 



Figure 182.— PosiHon of electrode in making a bead in the fiat position. 
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Hold a sliort arc and weld in a straight line at a constant 
speed, Y()u eanhi judge the proper length of arc by looking at 
it, so you will have to depend upon rfH^ogni^sing the sound made 
by a sliort arc. This is a sharp cracking sound and it should be 
heard all during the time the arc is being moved along the 
surface of the plate. 

A good braid weld should liave the following characteristics: 

1 . Little or no splatter on the surface of the plate. 

2. An arc crater in the bead of appi'oximately A inch when 
the arc has been broken. 

3. The bead should be l)uilt up slightly but have no metal 
overlap at the top surface. 

4. A good penetration of approxiniately iL inch into the base 
' metal. ' 



NO OVERLAP BEAD WELD . NO OVERLAP 



Figure 183. ^Properly made bead welds in the flat position. 


A BUTT joint in the flat position is set up in the same manner 
as for §as welding. Plates from to inch can be welded in one 
pass. No edge preparation is necessary for this type of weld, 
but the pieces of the base metal should be tacked together to 
keep them aligned. The electrode motion is the same as for 
forming a bead in the flat position. When you are welding plate 
inch or more in thickness, the edges of the plate should be 
prepared by beveling or U-grooving, and any of the joints illus- 
trated earlier in this book may be used, depending upon the 
thickness of the metal to be welded. The first bead is deposited 
to seal the space between the two pieces of the joint and to weld 
the root of the joint. This bead must be thoroughly cleaned to 
remove all slag before the second pass is made. The second, 
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Weave motions, 
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tJlird, and layerB-of weld metal are deposited in a weaving 
motion. Any., of the methods shown .in figure' 184 may be used, 
depending upon the type and she of the electrode; 

youdi have to clean each layer of weld metal before another 
is deposited, and yoiidlhave to be ea,reful.not to undercut. To 
prevent undercutting, pause at the end of each turn of the 
weave on the edges of the joint. 

If you find that you are having trouble getting good pene- 
tration at the root of butt welds in the flat position, you 
may use a !)ack-up strip. The back-up strip should be 
about an inch wide and ?d6-ineh thick. Tack-weld the strip to 
the base of the joint and use it for a cushion for the first layer of 
weld metal deposited in the joint. Then complete the joint ■ 
adding additional layers of weld metal in the same way that you 
would for an ordinary butt joint. When the weld is completed, 
you can wash off or cut away the strip with your cutting torch 
and add a seal bead at the back if it is needed. 

Fillet welds are used to make T-, and lap joints in the flat 

POSITION. 




Figure 185,— -Butt welds with backing strips. 


When you set up a T-joint in the flat position, you'll form an 
angle of 90° between the surfaces of the two pieces of plate being 
welded. First, tack- weld them in position by welding a tack 
at the ends. Use a short arc, and hold the electrode at an angle 
of 45° to the plate surfaces. Tilt your electrode about 15° in 
the direction of welding. Light plates can be welded without 
using a weaving motion of the electrode, and they can be welded 
in one pass. Heavier plates may take two or more passes, and 
if they do, a semicircular weaving motion is used with the 
second pass to get good fusion without undercutting. 



If you are using i/ 2 -inch plate or heavier, use string beads in 
the order shown in figure 187. 


Lap joints are made in the same way as T-joints except that 
the electrode should be held so as to form a 30° angle with the 
vertical. This angle is more nearly straight up than that used 
for the T-joint. 

Plug and slot welds are used to weld overlapping plates 
together by welding through a hole or slot in the upper plate 
to the surface of the lower plate. 

Slot welds are used to join face-hardened plate from the back 
or soft side. You can also use slot welds to fill up holes in plate 
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or to join two overlapping plates where you can’t join them by 
some other method. 

Plug welds may also be used to remove holts or studs that 
have broken or twisted off flush with the surface of a casting. 
.Tu.st place a nut over the stud and weld it to the stud with a 



Figure 187. — String bead welds on heavy plate T-joints in the horizontal position. 


haavy-coated. steel electrode. This will weld the nut to the stud 
so that you can use a wrench on the nut to turn the stud and 
remove it. 

The OVERHEAD POSITION is the most difficult of the wek;. j 
positions. The following pointers will help you to get a good 
overhead weld if you will observe them carefully: 

1. Keep a very short arc. This will help you to retain com- 
plete control of the molten puddle. 
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2. Hold the arc at 90° to the base metal when welding a bead, 

3. Avoid excessive weaving in the overhead position as this 
will cause overheating of the weld metal and form a large 
pool which is hard to control. 

Butt JOINTS in the overhead position are best made with 
back-up strips. String beads are better than weave beads for 
this type of weld, but each bead must be cleaned and the rough 
areas should be chipped out before the next pass is made. Figure 
188 illustrates the proper position of the electrode in relation 
to the joint and the proper sequence for running beads. 
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Figure 188. — Welding butt foint in the overhead position. 

Fillet welds in the overhead position are used in making 
either T- or lap joints. Here also a short arc is held and no 
weaving is required. Hold the electrode about 30° from the 
vertical plate and move it uniformly in the direction of welding. 
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Control the arc motion to get good root penetration and good 
fusion with the sidewalls. If you get top big a pool of molten 
metal and it begins to sag, whip your electrode away from the 
crater ahead of the weld, lengthening the arc and allowing the 
metal to solidify. Then return the electrode immediately to the 
crater of the weld and continue the welding. Heavy plate may 
require several passes to make either T- or lap joints in the 
overhead position. The second, third, and fourth passes are 
made with a slight circular movement of the end of the electrode 
while the top of the electrode is tilted about 15® in the direction 
of welding. Each bead must be cleaned thoroughly of all slag 
and oxides before the succeeding bead is added. Chipping and 
wire brushing is the best method for cleaning. 



Figure 189. — Fillet welding in the overhead position. 


Welding in the vebtical position is more difficult than 
welding in the flat position because the force of gravity gives 
the molten metal a tendency to run dowh. Here again a short 
arc and careful control of the voltage are important. Current 
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settings or amperage is less for welding in the vertical position 
than for welding in the flat position. Less current is used for 
welding down than for welding up in the vertical position. 
When welding up hold the electrode at 90° to the vertical, and 
when welding down hold the electrode about 15° from the 
vertical in the direction of welding (see figure 190) . 



WELDING UP 



VERTICAL BEAD WELD, WELDING DOWN VERTICAL WEAVE BEAD WELD, 

WELDING DOWN 


Figure 190.— Welding in the vertical position. 

Butt joints welded in the vertical position are best maae 
with a triangular motion (see figure 191). If, however, these 
joints are of J/g-inch or heavier plate you may find that several 
passes will be required to get a good joint. 
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2 ND PASS 
TRIANGULAR WEAVE 


I ST PASS 

TRIANGULAR WEAVE 


Figure 191. — Welding a butt joint in the vertical direction with a triangular weave, 


CHARACTERISTICS OF ARC WELDING 


YouTi find that many of the principles you have learned on a 
previous job will be adaptable to the job at hand. Bemember, 
too, the things you have tried that failed to work. For most of 
them there is a sound reason Keep your eyes peeled every time 
you have a chance to see an experienced welder at work and 
then put into practice at your very first opportunity the things 
that you have learned. There is nothing you can substitute 
for experience. 


3RD PASS 
- SEMICIRCULAR 
CRESCENT WEAVE 


DIRECTION 
OF WELDING- 


START 



The transfer of metal from the electrode to the base metal is 
one of the m3^steries of arc welding. You’ll no doubt begin to 
wonder just what causes this transfer before you have run many 
passes. As yet scientists have been unable actually to put their 
finger on the one thing that causes it, but it is known that there 
are five forces that account for the transfer; namely, gravity, 
gas expansion, electromagnetic forces, electric forces, and 
surface tension. 

The first of these, GRAVITY, is the main force that accounts 
for the transfer of metal in fiat-position welding. You’ll find 
that in the other positions it’ll be wise to use smaller electrodes 
so that you won’t have so large a pool and thereby lose excessive 
molten metal and slag by the pull of gravity. 

Gases are formed by the burning of the electrode coating and 
they are expanded b}" the heat of the boiling electrode tip. 
This GAS EXPANSION pushes the molten metal away from the 
solid electrode tip in globular form and into the molten crater or 
weld. The coating extending beyond the tip of the electrode 
controls the direction of the expansion and directs the molten 
metal into the weld. 

The tip of the electrode is a conductor of electricity. The 
molten globules formed at the end of the tip also are conductors. 
As conductors, the molten globules are affected by the magnetic 
force acting upon them at right angles to the fiow of the electric- 
ity. These electromagnetic forces produce a pinching effect 
on the globules and speed up their separation from the end of 
the electrode. This force is particularly helpful in transferring 
metal from the electrode to the base metal in the vertical and 
horizontal position. 

The electric forces produced by the voltage across the arc 
help to pull the molten globules from the electrode to the base 
metal. This force is especially helpful when direct-current, 
straight-polarity, mineral-coated electrodes are used. Remem- 
ber that mineral-coated electrodes do not produce much gas. 

If a needle is greased and gently placed on the surface of 
water, it will float. The surface of the water behaves as if it 
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were covered with a thin; elastic film.. ;T}iis is ' surface' ten^ 

It is this same force that keeps the molten m.etal and slag in 
eontaei with the molten puddle, 'of the. base metal. This is the 
force Ifiat keeps the molten metal in position in horizontal, 
vertical, and overhead welds. 

Other characteristics of the electric arc that you will encounter 
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j are arc crater and arc blow. An arc crater is formed by 
J quick withdrawal of the electrode. This leaves a hole or crater 

! in the base metal that can be used as an indication of the depth 

of penetration or fusion that you are getting in your weld. 
These craters are formed by the pressure of the gases from the 
i electrode tip forcing the weld metal toward the edges of the 
crater . They may be filled at the end of the bead by withdraw- 
i ing the electrode slowly. If the crater is not filled, it is likely 

I to cause the weld to crack when it cools. 

An understanding of some of these principles may help you 
overcome some of the difficulties that you will encounter as an 
inexperienced welder. 

J ARC BLOW is one of the more frequent annoyances that the in- 

experienced welder has to contend with . When welding an 
I I-beam, a U-beam, or when approaching any abrupt turn in 

i welding, an arc magnetism develops about the path of the 

I welding current, making the arc unstable and difficult to con- 

trol. The experienced welder will recognize this tendency 
i before he loses control, and he will take corrective measures, 

f Unless you learn to recognize the signs, you’ll find yourself 

I I often unpleasantly surprised, and the proud owner of a bad 

welding job. Your first warning will come when the magnetic 
forces take control of your arc and cause it to weave around 
like a boot on his first shore leave. If you don’t do something 
then and quick, the heat becomes so intense and the changes so 
rapid that you’ll lose your arc with an explosive burst that will 
carry away the molten metal from the weld. 

There are several ways of controlling or preventing arc blow. 
Some of these are : moving the ground to another location, wrap- 
ping one of the leads about the object to be welded, working 
toward the ground from any bend in the weld line, or tilting the 
electrode. 

Experience will teach you to recognize the signs before the 
blow occurs, just as experience will be your guide for a lot of 
other procedures in arc welding. Study carefully the following 
table and apply this information along with your knowledge 
! of welding know-how and you’ll soon be turning out an A-1 job. 
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GUIDE FOR . METAL ARC WELDING 


. BASE METAL 
OR ALLOY 

Wrought iron ■. 

■, Low-carbon iron ...... 

^ Low-carbon steel .... 

Medium-carbon steel . 

. High-carbon steel .... 

Too! steel : . . . 

Plain carbon cast steel 
High manganese cast 

steel 

. Gray cast iron 

Low-alloy high-tensile 

steels 

Stainless steels 

Deoxidized copper ... 
Commercial bronze 
and low brass ..... 
Aluminum alloys .... 

Nickel 

Monel 

Inconel 


WELDING ELECTRODE ' RREHEATING 
MATERIAL ' [ RE QUIRED 

Mild steel 

Mild steel or high strength counter 

Mild steel or high strength ... 

Mild steel or high strength ... L/ 

Mild steel 200 

25/20 stainless and nickel man- 
ganese . None. 

Monel or mild steel 700° to 800° F 


Same as base metal 

25/20 or columbium bearing 

18/8 stainless steel 

Same as base metal. . . ....... 

Phosphor bronze, silicon cop- 
per 

95% aluminum — 5% silicon 

electrode 

Nickel 

Monel 

Same as base metal .......... 


None. 

700° to 800° F. 
Varies from 
200° to 1000° F. 

None. 

500° to 800° F. 
200° to 300° F. 


Note. — Reverse polarity should be used in arc welding all of the base 
metals or alloys except low-carbon steel. Use straight polarity 
FOR LO%v-CARBON STEEL, and use a bare or light-coated type electrode. 
For the other metals mentioned, a shielded arc type electrode should be 
used. 


CARBON ARC WELDING 


Carbon arc welding is a process in which a carbon , 
electrode or electrodes are used with or without filler 
You won't use carbon arc much in the welding of steels. 
will, however, find that you can use the carbon arc with success 
in the welding of aluminum and aluminum alloys, copper and 
copper alloys, monel and nickel sheets. You can satisfactorily 
weld low-carbon sheet and plate up to M inch in thickness with 
the carbon arc process. You can weld the thinner sections 
without a filler metal, but on heavier sections youll use a filler 
metal usually of the same material as the base metal. 

Set the polarity switch on straight polarity (electrode nega- 
tive) for carbon arc welding. For joints in sections up to about 
Ke inch youTl use about 100 amperes and an arc length of 




308 


54 inch. Strike the arc against the plate edges which 
have been prepared in a manner similar to that used for metal 
arc welding. Youdl use a special flux on the joint and you'll 
add filler metal in a manner similar to that for oxyacetylene 

xiieac '^--Y^coated rod should be used to give you a pro- 
electrode tip lorL 
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Figure 193. — Carbon arc welding. 


tective atmosphere for the weld. Welding must be done without 
overheating or the w^eld metal will absorb a lot of carbon from 
the electrode and it will absorb oxygen and nitrogen from the 
air and you'll come up with a brittle joint. 

The carbon electrode should be tapered to a point anciheld 
in the electrode holder a couple of inches from this point. 
Hold the carbon "arc in about the same position in relation to 
the base metal as that described for the metal arc; that is^ 
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perpendicular to the weld being made. You won^t need to use 
a weaving, motion, but youll have to- watch your rate of travel 
with the arc. This rate of travel or speed of welding can be, 
only as fast as a uniform bead with a slight melting of the edges 
can be maintained. The amount of fusion depends upon the 
quantity of current used and the rate of travel of the arc. Slow 
welding speed increases the penetration and forms a wider 
heated area along the line of the weld. 


GUIDE FOR CARBON ARC WELDING 


BASE metal 
OR ALLOY 


Wrought iron 

Low-carbon steel .. . . . 
Chrome-molybdenum 
alloy steels 


Deoxidizied copper ... 
Commercial bronze 

and low brass 

Spring, Admiralty, and 
yellow brass 

Aluminum alloys .... 

Nickel 

Monel ..... ... . . , . . 


WELDING ROD 


MATERIAL 


Mild steel 

Mild steel .... 
|Same as base 

metal 

iDeoxidized copper, 
iphosphor-bronze, or 
silicon-copper 
Phosphor-bronze , 
silicon-copper 

Phosphor-bronze 
;95% aluminum, 

5% silicon 
electrode 
iNickel 


iMonel 


TYPE 


Use a flux , 
Use a flux 

Use a flux 


Shielded 
arc . . . 


Use a flux . 

Use a flux . 

Flux-coated 

Lightly 

flux-coated 

Lightly 

flux-coated 


PREHEATi;^' 

REQum r 

None. 


500° 


to 


Vif the base 

POLARITY 

3 electrode, 
should be 


500 ®^ 

200° to 

200° to 300° F. 


Notb.- 

polarity. 


-Carbon arc welding of the above metals requires straight 


ATOMIC HYDROGEN ARC WELDING 

The atomic hydrogen welding process uses two tungsten 
electrodes (see figure 195) between which an alternating 
rent is maintained. At the same time a stream of bvdt 
is blotvn through the arc and around the electrodi??^^^**s^tioiis 
of the arc breaks up the molecules of hydrogen into atomo"^. 
recombine outside the arc to form molecular hydrogen again . 
As the atomic hydrogen recombines, it forms an intense heat 
which is used to fuse the metals in the same way that you use 
torch welding. The hydrogen around the weld area keeps 
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oxygen and nitrogen in the air away and prevents the bad 
effects that they have on molten metal. 

Welds made with atomic hydrogen are more ductile and 
more easily machined than welds made by other processes. 
Atomic hydrogen welds are more durable ^ which makes them 
better for welding structures subject to deflection and fatigue 
stresses.'. 

Filler rod may or may not be required, depending upon the 
type of joint you are working and upon the thickness of the 
plate forming the joint. Atomic hydrogen arc welding is used 
for joining thin sheets and light sections made of chrome steel, 
nickel steel, molybdenum steel, and stainless steel. It is also 
used to build up or weld non ferrous metals such as aluminu^f*^***^^ 
copper, brass and bronze. Some brasses and bronzes 
the use of a flux when they are welded by this process, p 


RESISTANCE WELDING 


Resistance welding is a pressure-welding process in 
heat for welding is generated by the resistance to the flo\^'ie base 
electric current. This is one of the oldest of modern 
welding processes and it is similar to forge welding inbuld be 
ways (see chapter 12) . In forge welding two pieces of me 
heated in the forge until they Teach the plastic stage a- 
welded together with the pressure of repeated blows of a^lP. 
or hammer. In resistance welding, the principle is straight 
Two pieces of metal are subjected to a heavy electrical c. ■ 
and because of the resistance to the current the metals become 
heated to the plastic stage. Pressure is then applied either 
by hand or mechanically until the two pieces of metal weld 
together. 

The spot-welding machine which you will find i n 
shop is an application of this type of welding (s<^|||||^^^ctions 

Spot welding is a pressure process in which the filler 

fined to a small portion of the lapped parts to be 
heat for this process is obtained from the resistance to the 
of the electric current passing through the joint to be 
Pressure is applied by a machine through the 
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xxies m open 
• j.te the loca- 
-liDol is drawn is 
the arrow side of 
^ of the reference 
the symbol 


straight 



Byusmj^. ^ 3 machines for spot welding are 

ing of any , perated, or motor-operated. Con- 

location of ait pressure, heat, and time applied are pro- 
spot welder convenient to use when you 
3 f similar pieces to weld. In many cases 
A be used to advantage instead of rivets. Never 
a spot welder without first having been ^^snapped 
in'^ by an experienced operator. 

You shouldn’t have to be reminded that whatever type of 
electric welding equipment you’re working with, you’ll have to 
be on your toes to keep from grabbing a hot lead. Just remem- 
ber that the ordinary welding current, under certain conditions, 
cause you plenty of trouble. 

Never use any kind of electrical equipment that has its insula- 
tion broken or that is shorted outN 
Keep hands off swinging wires — they might be crossed with a 
^l^ wire^’ somewhere along the line. 

Don’t experiment with electricity — know what you are doing! 

If one of your shipmates is the victim, shut off the power. 
Use a dry line or dry board to remove the wire from the man. 
Your shirt will do, if it is dry. Start artificial respiration imme- 
diately and keep it up for at least three or four hours 
stiffening of the body occurs and there is no sign 

; ^ lot to learn about welding and it can’t all be 

,-^t"of a book or in the shop. Read a bit and try it out 
read some more. Watch the experts and imitate their 
style. Ask intelligent questions and you’ll get intelligent 
answers. Talk the language of the trade and learn to read the 
language even from symbols and signs. 


WELDING SYMBOLS 

the electro<^‘‘^ 

... ' symbols are used on blueprints and sketches 

of welds to be used. These symbols are 
standardized by BuShips and apply to both gas and arc welding. 
You’re expected to loiow them so you can make the welds 
spec*^ on blueprints. Study the basic symbols shown in 
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figure 197. ■ The symbols are placed on horimtil'lliies in open 
: spaces on the drawing. Arrowhead-tip lines indic«^e the loca- 
tion of the .welds'. The line on which the drawn is 

known as the reference line. If the weld is arrow side of 
a joint, the symbol is placed on the lower sidd>f the reference 
line. If the weld is to be made opposite the the symbol 
Is placed above the reference line. If the weld is tdT)e ihacle at' 
the place of installation after the structure has been fabricated ' 
in the shop, the field weld symbol is placed on the reference line. 

Sample 'welds with weld symbols are shown in figure 198. 
Study these symbols and the welds they represent. They are 
the ones you’ll run into most often. 




Figure 198.— Welds with symbols. 



By using the guide in figure 199 you can figure out the mean- 
ing of any unfamiliar symbol. This guide shows the relative 
location of all symbols that may be used to describe a weld. 


MANNER OF FINISHING 
INCLUDED ANGLE-, 

ROOT OPENING 


SIZE (EXCEPT FOR 
PLUG OR SLOT), 
STRENGTH OR 
DETAIL REFERENCE- 


^SPECIFICATION 

REFERENCE 


OMIT WHEN 
SPECIFICATION 
REFERENCE IS 
NOT USED 


REFERENCE LINE FOR 
SHOWING WELD LOCATION 



LOCATION OF FINISH 
SYMBOL WHEN USED 


r FLUSH SYMBOL 

r BASIC WELD SYMBOL 


-ARROW CONNECTING 
REFERENCE LINE TO 
SIDE OF JOINT, TO 
GROOVED MEMBER 


FIELD WELD 
SYMBOL 


WELD-ALL-ROUND 

SYMBOL 


PITCH OF NON- 
CONTINUOUS WELDS 

LENGTH OF WELD OR 
INCREMENTS OF NON- 
CONTINUOUS WELDS 
(OMIT FOR RESISTANCE 
WELDS) 


Figure 199. — Guide for reading symbols. 

Don’t ever forget that the Navy thinks welding is pretty 
important, and that it has good reason to think so. More 
important to you, don’t forget that you are the guy who is 
going to do most of the Navy’s welding— at least the part of it 
that is concerned with repair. Soup kettles or battleships, it’s 
your job. 
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QUIZ 


1 . Direct current for arc welding is usually supplied by a— '■ 

(а) " Storage battery system, 

(б) .Transformer. 

, . ,(c) \Eectifier. ■ ■ ' 

(d) D. C. . generator. 

2. One purpose of the coatings on some are- welding electrodes is tO'— 

, , (a) Improve the stability and characteristics of the arc stream, 
(h) Supply a coating of oxidation over the w'eld. 

(c) Eliminate slag. 

(d) . Decrease the speed of 'welding in overhead ■ 

positions. 

,,„S. The glass in the arc-weider^s face shield must absorb all of t lie- 
fa) Light reflection of the arc. 

(h) Arc blow. 

(c) Ultraviolet and infrared rays. 

(d) Sparks emitted by tiie process. 

4. Brushing is an arc- welding term wiiieh describes a metliod of--- 

(a) Applying flux to the electrode. 

(5) Starting an arc. 

(c) Eliminating slag. 

(d) Changing polarity. 

5. The proper length of an arc can best be judged by — 

(a) Looking at it. 

(b) The molten which it forms. 

(c) The arc's color. 

(d) The sound it makes. 

6. Penetration at the root of a butt-weld in the flat position may be 
facilitated by — 

(a) Tack welding. 

(d) Using a back-up strip. 

(c) ,, ; Placing a seal bead on the back. ■ 

(d) Undercutting. 

7. The type .w^eld used to make T-, lap, plug and slot joints in the flat 
po.sition is called a— 

(a) Fillet. 

(6) Tack. 

(c) Bead. 

■ (d)'' Spot. 
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8. When succeeding beads' are to be added, each bead, must be 'cleaned 
thoroughly of all slag and oxides by— 

(a) Heating and dipping in borax. 

(5) Applying a specific acid. 

(c) Chipping and wire brushing. 

(d) Adding extra flux. 

§. The force which tends to keep molten meta-l in position in horizontal, 
vertical, and overhead welds is— 

(a) Surface tension. 

(h) Electromagnetic forces. 

(c) Gravity. 

(d) Arc blow. 

iO. When magnetic forces tend to take control of an are and cause it 
to become unstable and difficult to handle, it is called — 

(a) Arc crater. 

(6) Electromagnetic action . 

(c) Magnetic repulsion. 

(d) Arc blow. 

1 i , Resistance welding is classified as — 

(а) Non-pressure process. 

(б) A pressure process. 

(c) Fusion welding process. 

(d) A brazing process. 


12-22. The symbols in the list B are standardized, and apply to both 
gas and arc welding. Match items in column A with column B. 


A 


B 


(Type of weld) 


(Symbols) 

(a) 

Bead. 




(b) 

Bevel. 

12. - 


18. 

(c) 

Field weld. 




(d) 

Fillet. 

13. 

1 

"'19. 

(e) 

Flush. 


1 


(/) 

to) 

J. 

Plug or slot. 

14. 

b. 

20. 

(A) 

(i) 

Spot. 

Square. 

15. 

\/ 

21. 

O') 

Tack. 


1 / 


(k) 

U. 

16, 

22. 

W 

V. 




(m) 

Weld all arouiul. 

17. ' 

7 
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CHAPTER 10 

OXYACETYLENE CUTTING OF METALS 
TWO IN ONE 

Cutting ferrous metals with an oxyacetylene cutting torch 
is one of the most amazing jobs that a Metalsmith has. At 
first, it may be a bit difficult to understand that the oxyacetylene 
process can be used for both welding and cutting, one lx‘ing 
the exact opposite of the other. But the principle that enables 
'you to cut through inches of tough steel in a remarkably short 
time is not difficult to understand, . If is- as simple as this: 
Steel, when preheated to the kindling temperature range 
(MOO'^F. to 1600®F.), burns very rapidly in an atmosphere of 
pure oxygen. So when you direct a jet of pure oxygen on red- 
hot steel, a chemical reaction takes place. This chemical 
reaction forms iron oxide and gives off a lot of heat. The heat 
is sufficient to melt the iron oxide and some free iron which 



runs off as molten slag, exposing more iron to the jet. It might 
be said that the burning or oxidizing process is an extremely 
rapid rusting, the rust being formed in the molten state. 

Only that metal which is in the direct path of the oxygen 
jet is acted upon. When steel is cut, a narrow slit or race is 
formed. This opening is commonly called a kerf. Actually, the 
steel or iron removed from the kerf is only about 60 to 70 percent 
oxidized by the oxygen and the remainder is blown or washed 
out of the cut as metallic iron. 

While making the cut, you’ll have to keep the preheating 
flames of the cutting torch burning so that the kerf will progress 



Figure 201. Starting a cut ond cutting with a cutting torch. 



smoothly. The heat generated by the eliemical reuci inii sShmiM 
be sufficient for preheating the metal; but Iwruusc' of (he rupid 
radiation caused by dirt, scale, and paint, pitdieating is tieees.^ary 
The walls of the kerf formed by oxyacetyleiK* cuttiim o! 
ferrous metals are fairly smooth and are parallel to eaeli other. 
When you develop skill in the handling of your torch, you !1 l<e 
able to bold your cut to within reasonably close tok^’anco, and 
to guide it along any desired line, whether sl.raigltl , curved. 
irregular. Youdl also be able to hold your torcli at tin iiM‘liin*d 
angle for cutting bevels. 


THE CUTTING TORCH 


■ The cutting torch looks a lot like the wr*lding turcfi, but 
it is used to separate pieces of metal rattier titan to join tliein. 
It has an extra tube for high-pressure oxygen which (*an b(‘ cun- 
trolled from a, valve on the handle. In the r<‘giiiur culling 
torch, the valve may be in the form of a triggtu* assfunhiy like 
the one in figure 202. 


Figure 202. — The cutting torch. 


Some welding torches are furnished with a cutting attache 
ment which may he fitted to the torch in place of the welding 
head. Such an attachment serves the same purpose as the 
cutting torch. On torches of this type the liigh pre.ssure 


oxygen is controlled by a lever on the handle like the one in 
figure 203. 

Whether you use a cutting torch or a cutting attachment, 
you’ll notice that the nozzle or tip is made in the same way. 



PREHEAT ORIFICES 
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CUTTING OXYGEN 
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CUTTiNG 0;!YGEN 
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ifTiMG OXYGfN fLifJt 


Rgure 204.— Orifices in the cutting tip. 
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The cutting tip or nozzle is made with a numi«*r of orifices 
(holes). The jet or stream of oxygen that does the cutting 
comes from the center orifice. The smaller oriiiees .surroiitidiiig 
the center orifice are for oxyacetylene heating flumes. 'I’hesi- 
are used for preheating the metal to the kindling temperature, 

OPERATING CUniNG EQUIPMENT 

Attach the proper cutting tip for the lhicknes.s of tlie metal 
to be cut to your cutting torch and adjust the oxygen and 
acetylene pressure. Be sure to check the mamifiKUiirer's in- 
struction for pressure adjustments for the partieiiiar type of 
torch that you are using. The following fable will ,<erve, 
however, as a general reference for tip .size.s and oxygen and 
acetylene pressures for cutting p!ate.s of varioms l hickne.sse.s. 


SUGGESTED CUTTING TABLE 


plate Thickness 

Tip Size No. 

Acet^'lene .PrcMiire 
ihs, per sq. in. 

Prwitire 
llms. per «|. in, 

J4"inch ... 

0 

3 

^ 25 to 30 

M to ^-inch 

1 ........ 

a 

30 to 40 

^ to 1-inch 

2 

a ■ 

40 In 30 

13 ^-inches 

3 ■ . . 

8 

43 t^o 5fl 

2 inches 

4 i 

a . . . . i 

! fpQ f0 55 

3 to 4 inches 

5 

4 i 

50 td') 05' 

5 to 6 inches 

6 

5 i 

55 to till 

8 to 10 inches 

7 ......... 

6 I 

00 to 70 

12 inches ............ 

8 

6 1 

70 to HO 
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Adjust the preheating flames to neutral. Hold tin* torcti 
perpendicular to the work with the inner cone.s of the preheating 
flames about inch above the end of the line to N; cut. Hold 
the torch still in this position until the spot that you are heating 
has been raised to bright red heat. Open the oxygen %'alve 
slowly but steadily. If your cut has started properly, you'll 
see a shower of sparks fall from the opposite side of the work, 
indicating that the cut is going all the way through. Move 
your cutting torch forward along the line just fast enougfi for 
the cut to continue to penetrate the work completely. If youH'e 
made your cut properly, you’ll get a clean, narrow cut which 
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looks somewliat like one you might make by sawing. If you 
are cutting round bars or heavy sections, you can save time and 
gas if you raise a small bur with a chisel where the cut is to 
start. ' This small raised portion will heat quickly, and cutting 
will start immediately. A steel welding rod can also be used 
as an aid to start a cut on a heavy section. When a welding 
rod is used for starting a cut, it is called a cutting rod. 

If you have a cut to start from the center or some portion of 
metal other than the edge, use the following method for starting 
the cut. Preheat the spot on the surface where your cut is to 
start to a bright red. Tilt your torch at an angle of about 45° 
from the perpendicular in line with the direction of the cut. 
Open your high-pressure oxygen valve very slowly. As 
the torch begins to cut, start righting it to a perpendicular 
to the surface of the plate. Continue to right the position 
of the torch gradually as it cuts until it is at 90° to the 
surface of the plate and is cutting all the way through the plate . 
Move it forward along the line of cut as fast as complete pene- 
tration can be accomplished. If you do not follow this pro- 
cedure you are likely to blow the slag back on your cutting tip, 
clogging the orifices or otherwise damaging your equipment. 

When you have started a cut, move the torch slowly along 
the cutting mark or guide. As you move along, keep an eye on 
the cut so you can tell how it is progressing. Make torch adjust- 
ments if necessary. You’ll need to move along at just the right 
speed — ^not too fast and not too slow. If you go too slow, the 
preheating flame will melt the edges along the cut. It may 
even weld them back together at the surface. If you go too 
fast, the oxygen will not penetrate completely through the 
metal and the cut will be incomplete. In that case, you’ll have 
to close the cutting oxygen valve and go back, preheat, and 
make a new start at the beginning of the partially cut area. 

Try to make the cut as smooth as you can. Anyone who can 
light the torch can cut steel after a fashion, but it takes a sharp 
Metalsmith to get a smooth cut every time. If the cut isn’t 
perfect, check up on the following points: 

1. Preheating Flames — If the preheating flames are too short, 
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the cut will have a gouged appearance at the bottom. If 
too long, the top edge of the cut will be fused. 

2. Oxygen Pressure— If the oxygen pressure is too low the 
top edges will be melted. If it is too high, the cut will be 
extremely rough and irregular. 

3. Gutting Speed — If the cutting speed is too slow, the drag- 
lines are irregular. If it is too fast the drag lines are rough 
and they form sweeping curves. (Drag lines are the marks 
left on a cut edge. A good cut shows smooth, vertical, 
uniform marks wiiich are continuous from the top surface 
to the bottom surface.) 

CUTTING BEVELS 

You’ll have occasion to cut bevels quite often to form joints 
for welding. To make a bevel cut of 45° in 1-inch steel, the 
flame must actually cut through 1.4 inches of metal. Consider 


li 
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this wiien you are selecting the tip and adjusting the valves, 
you’ll have to use more pressure and less speed for the bevel 

cut than for a straight cut. 

When you’re going to do bevel cutting, adjust the tip so that 
the preheating orifices are lined up for efficient preheating. A 
piece of 1-inch angle iron, clamped with the angle up, makes 
an excellent guide for beveling straight edges. Pull the torch 
along this guide as shoTO in figure 205. 

If you are aboard a repair ship or a tender you’ll have a 
cutting machine something like the one in figure 206. This is 
a motor-driven cutting machine designed to support the cutting 
torch and guide it along the line of cut. It may be set to make 
uniformly clean cuts or bevels on steel plate. Straight-line 




cutting or beveling is done by guiding the machine along a 
straight line on steel tracks. Arcs and circles are cut by guiding 
the machine with a radius rod pivoted about a center point. 


PIPE CUniNG AND BEVELING 

When you’re cutting off a piece of pipe, keep the torch pointed 
toward the center line of the pipe. Start the cut at the top and 
cut down one side. Then begin at the top again and cut down 
the other side, finishing at the bottom of the pipe. The process 
is shown in figure 207. 

rFIRST CUT 


KEEP TORCH FLAME 
CONTINUOUSLY 
POINTED AT 
CENTER OF 
PIPE 


SECOND CUT 


ARROWS 
REPRESENT 
TORCH TIP 


Figure 207. — Cutting pipe with the oxyacetylene cutting torch, 


Pipe cutting with the cutting torch requires a steady hand to 
get a good bevel— one that is smooth and true. Don^t try to 
cut and bevel a heavy pipe in one trip. Cut the pipe off square 
first, then bevel it. This makes a cleaner and better job. 

Check the alignment of your torch-tip preheating orifices 
before you start to work on pipe. Arrange these orifices in 
line with the cut. 
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PIERCING HOLES 


Your cutting torch is also a valuable tool for piercing holes in 
steel plate. To pierce a hole in steel plate follow the directions 
given here. Lay the plate out on two firebricks in such a man- 
ner that the flame wonT hit something else when it burns 
through. Hold the torch over the hole location with the tips 
of the inner cone of the preheating flames about M i^ich above 
the surface of the plate. Continue to hold the torch in this 
position until a small round spot has been heated to a bright 
red. Open the high pressure oxygen valve very gradually and 
at the same time raise the nozzle away from the work slightly' 
to keep from blowing slag back into the cutting tip. As you 
start raising your torch and opening the oxygen valve, start 
rotating the torch with a spiral motion. This will cause the 
molten slag to be blown out of the hole. The hot slag may fly 
around, so be sure that your goggles are well fitted to your eyes 
and face and avoid having your head directly above the cut. 
Now if the hole that you need is of a larger size, just follow 
the procedure outlined above after outlining the edge of the 
hole with a piece of chalk. Start the cut from the hole that you 
have pierced by lowering the preheating flames to the normal 

I 2 3 4 



PREHEAT UNTIL RAISE TIP, CONTINUE TO 
MELTING BEGINS RELEASE OSCILLATE 
OXYGEN, TIP 
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SIZE,:.,. 


Figure 208. — Piercing a hole. 
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distance and working to and following the line that has been 
drawn on the plate. Truly round holes can be made by using 
a circular torch with a radius bar attachment. 

RIVET CUniNG 

When you have a job of removing rivets from plates that are 
to be disassembled j you’ll find your cutting torch a good tool 
to have around again. Just use the preheating flames of your 
cutting torch to bring the head of the rivet up to its critical 
temperature j then turn on the oxygen and wash the head off. 
The remaining portion of the rivet can then be punched 
out with a light hammer blow. Here it is step by step; 

1. Use the size tip and oxygen pressure that you would use 
for 1-inch steel. 

2. Heat the rivet head until it is bright red. 

3. Then move the tip to a position parallel with the surface 
of the sheet and turn the cutting oxygen on slowly. 

4. Cut a slot in the rivet head like the screw-driver slot in a 
roundhead screw. 

5. When the cut nears the plate, draw the nozzle back at least 

inches from the rivet. This is important. 

6. When you have cut the slot through to the plate, swing 
the tip through a small arc. This slices off half the rivet 
head. 

7. Then swing the tip in an arc in the other position to slice 
off the other half of the rivet head. 

After the slot is cut, you won’t have to worry about preheating 
the rest of the rivet head to cutting temperature. Just before 
you get through the slot to the surface of the plate, you draw 
your torch tip back an inch and a half to allow the cutting 
oxygen to scatter slightly. This keeps the torch from breaking 
through the layer of scale that is always present between the 
rivet head and the plate. It allows the head of the rivet to be 
cut off without damaging the surface of the plate. If you don’t 
draw the tip away, you may cut through the film of scale. 

If you have access to a low-velocity cutting tip, you’ll find it 
50 per cent faster for cutting buttonhead rivets and about the 
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Preheating 


Slot cut in head os nozzle is 
drawn 1V2 inches away. 



Half of head sliced off. Remainder of head cut away. 

Figure 209. — Manipulating the cutting torch to remove the head of a rivet. 


only satisfactory way of removing countersunk rivets. A low- 
velocity rivet cutting tip has a cutting-oxygen orifice with a 
large diameter. Above this orifice are three heating orifices. 
You should always place a low-velocity cutting tip in the torch 
so that the heating orifices are above the cutting orifice when 
the torch is held in the rivet-cutting position. 

When you get a job of removing countersunk rivets from 
vertical sheets, follow these instructions for best results: 

1 . Hold the torch horizontally and turn it so that the tip also 
points horizontally. 

2. Tilt the tip upward about 15® and hold the heating flame 
on a point slightly below the center of the rivet head. 

3. When you get the area heated to a dull red, move the 
torch upward, still keeping the upward tilt, and open the 
oxygen-cutting valve. 

4. Hold the torch steady with the cutting stream directed at 
the center of the rivet. As the rivet is cut away, the 
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angle of the torch should be decreased until the tip is 
perpendicular to the sheet or plate, and the cutting stream 
directed at the center of the rivet. 

5. '\¥hen you have cut through the head to the shank of the 
rivet, wash away the remainder of the head with one cir- 
cular wiping motion . Always move the torch so that the 
cutting stream will follow the preheat. 

6. The shank may then be removed by a light tap with a 
hammer and punch. 


Preheatinq 

fiames 



Preheatlnq 
flames 



Preheatinq 
flames 


Cuttinq^ 
oxyqen 

5laa ‘ 



^Position for preheatinq 

. r ... X Continuinq cut 

' Position for startinq cut ^ 

Figure 210. — Cutting a countersunk rivet with a low-velocity tip, 
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Buttonhead rivets may be removed in the same manner as 
countersunk rivets with the low-velocity cutting nozzle. The 
process is illustrated step by step in figure 211, Remember 
that it is very important to start below the center of the head, 
as this will allow the molten metal to run down or out from 
below and leave the metal being cut free from slag. 


Preheating 
flames 



Preheatinq 
flames 


'Position for preheating 
Position for starting cut 



Preheatinq 
flames 



Cutting 
oxygen 

Slag 

Commencing circular 
motion to complete cut 


Figure 211. — Cutting buttonhead rivets with the (ow-vebcity ftp. 
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CUTTING STEEL. 'AND CAST IRON 


Plain carbon steel — steel in which the carbon content isn^t 
over 0.35—can be cut without a lot of precautions. You need 
only to observe those precautions required for cuts in iron or 
steel of good quality. 

For higher carbon and alloy steel, youTl have to take precau- 
tion to prevent the formation of a hard layer at the edges of 
the plates. This is more likely to be true when youTe cutting 
so-called air-hardening steels, since a thin layer of metal at the 
cut edge is heated to its critical temperature and rapidly 
quenched by the adjacent plate and the surrounding air. The 
edges are hardened in this manner, they are difficult to machine 
and are less ductile. Their lower ductility may even cause crack- 
ing under load. To avoid forming this hard layer around the 
edges, you should preheat the edges ahead of the cut. Pre- 
heating temperatures of from 500® F. to 600® F. are sufficient to 
lower the rate of quench and should be used when cutting high 
carbon and alloy steels. 

Stainless steel cutting is not an oxidation process like iron 
and steel cutting— it is a melting process. Stainless steels are de- 
signed to resist oxidation and are therefore difficult to cut with 
the oxyacetylene cutting torch. The best way to cut stainless 
steel is to lay a steel welding rod or steel plate along the line of 
cut. The heat developed by the reaction of the oxygen with 
the steel rod or plate is enough to melt a slot in the stainless 
steel and thus produce the cut. 

Cast iron is more difficult to cut than steel because it melts 
at a lower temperature than does its oxide. When cast iron 
melts, the oxide mixes with it. This means that cast iron must 
be preheated to a much higher temperature than steel, and also 
means that you’ll have to use an oxygen pressure of from 25 
to 100 percent greater than you will for steel of the same thick- 
ness. Adjust your preheating flame to carburizing so that the 
length of the feather of acetylene will be equal to the thickness 
of the cast iron that you are to cut. Start the cut with your 
torch tip forming an angle of 75® to 80° with the surface of the 
casting. As your cut progresses, gradually right the torch tip 
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to an angle of 90° to avoid losing your cut. Move your torch 
forward in the direction of the cut just fast enough to sweep 
the edge of the cut. If you advance too deeply, progress of the 
cut will cease and black spots will develop under the cutting 
jet. From the beginning of the cut until it is finished, hold 
your torch tip 1 to 2 inches from the surface of the cast iron. 
Move your torch tip to % inch in a semicircular weaving 
motion, as required to clear the cut in heavy sections. Lighter 
sections won’t require so wide movements to keep the cut clear. 



Figure 212. — : Cutting cast iron. 


Flux cutting is a method used on metals that are difficult 
to cut, like poor grade cast iron. With such metals as cast iron, 
the slag does not flow freely, and their cutting can be made 



Approximate introduction angle of 
flux rod or lance to assist cutting 
operation. 


figure 213.^ — Flux cutting. 
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easier by mixing the slag with that of a metal that is easily 
cut, or with other substances that will produce the same result. 
Thus, if you feed a steel welding rod or an iron bar into the 
cut, you’ll increase the fluidity of the slag and make the cast 
iron easier to cut. 

.4iiother type of flux cutting is used in cutting 18-8 chrome- 
nickel plate. You simply place the alloy plate between a couple 
of plates of plain carbon steel. Try this method, especially 
if you are trying to get good sharp corners on your 18-8 plate. 

CLEANING THE TIP 

You’ve been warned about holding the tip too close to the 
surface of the metal when starting a cut. The blowing action 
of the oxygen blast tends to bounce the molten metal and slag 
from the cut back up to the torch tip. If it does, and it will, 
you’ll have to clean the tip orifices often. Use the proper 
size tip-cleaning drills for this purpose — not some improvised 
makeshift — or you’ll have the orifices enlarged and the tip 
ready for survey. A tip drill is a small drill which may have a 
hex-nut head, a round head, or plain shank. Use it by pushing 
it into the hole — don’t rotate it. Be sure you have the right size. 
If the end of the tip does become rough and pitted and the 
orifices become oversize (bell-mouthed), you can recondition 
the tip in this manner: Place a piece of emery cloth, grit side 
up, on a flat surface. Hold the tip perpendicular to the emery 
cloth and rub it back and forth just enough to true the surface 
and bring the orifices back to their original diameter. 

After you clean the tip, test it by lighting and observing 
the preheating flames. If the flames are too short, the gas 
passages are partially blocked. If the preheating flames snap 
out when the valves are shut, the orifices are still bell-mouthed 
and the tip needs further working down to bring them back 
to their original size. 

If the tip seat is dirty and scaly so that it fits the torch head 
imperfectly, heat it to a dull red and quench it in water. This 
loosens the scale and dirt enough so that you can easily rub them 
off with a cloth. 
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EMERGENCY OXYACETYLENE CUHING 

Ordinarily the responsibility for making an emergency cut 
won’t be left up to you. You’ll make the cut only when ordered 
to do so by an officer or senior petty officer. 



Figure 214. — Cleaning the tip. 


The cutting torch is used sometimes as a last resort to cut open 
doors and other closures that are jammed. If you are on your 
own, try all other measures before you use the torch. Don’t 
use the torch until you’re sure you know what is on the other 
side of the bulkhead or deck, beware op oils and gases. Use 
an explosimeter to test the air. 

When you make an emergency cut, station fire fighters 
equipped with CO2 extinguishers, where they can immediately 
quench any fire that might break out. 

If you are cutting through a bulkhead to free trapped men, 
cut the hole only large enough for a man to crawl through. 
If gear has to be carried through, the hole can easily enough 
be enlarged. Watch out for structural members and avoid 
them. 
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Using an oxygen lance to pierce a hole through a 30-inch length of 
chrome-nickel steel shafting. 


You'll find portable oxyacetylene cutting outfits kept in 
damage control lockers. These outfits are arranged so that 
they can be used oil a minute’s notice. 


PRECAUTIONS 


The cutting torch is a valuable tool; it is also a dangerous 
tool if used carelessly. Treat it with respect. 

In all cutting operations, you must be especially careful that 
hot slag does not come in contact with any combustible material. 
Hot globules of slag will roll along the deck for considerable 
distances. Don’t leave any combustible materials lying around 
closer than 30 or 40 feet. If you can’t move the material, cover 
it with sheet-metal guards or asbestos paper. Be sure that 
your acetylene cylinders are clear and far enough away so that 
hot slag won’t fall on them. 

If you have to cut painted metal, use a mask that will supply 
you with fresh air so that you won’t have to breathe fumes. 

(A GAS MASK WILL NOT WORK HERE.) 


THE OXYGEN LANCE 


YouTl be hearing about the ox 3 "gen lance, though you prob- 
ably won’t be using it much. The oxygen lance is nothing 
more than a piece of J^-inch or %-mch standard black iron 
pipe hooked up to a source of oxygen which you control with 


a suitable valve. You use a separate torch to bring the metal 
up to the kindling temperature, and then bring the end of 
the lance (pipe) up to the heated area and turn about 40 to 
60 pounds per square inch of oxygen on the heated metal . The 
ferrous metal is burned and produces enough heat to keep the 
cutting action going without^the use of separate heat. The 
oxygen lance, like the oxygen cutting torch, cannot be used 
economically for the cutting of nonferrous metals and is there- 
fore restricted in most cases to cutting ferrous metals. 

ELECTRIC ARC CUTTING 

Electric arc cutting is a melting process. The heat of the 
arc is used to melt the metal along the line of cut. This method 
of cutting doesn’t produce as good quality cut as do the other 
methods, but it can be applied to almost all metals. Arc cutting 
can be used to cut ail ordinary ferrous metals including alloy 
steels and cast iron. You can also cut all types of nonferrous 
metals with the arc, which gives it a definite advantage over 
flame or oxygen cutting. 

Arc cutting can be done with either a carbon or graphite 
electrode or with a shielded-arc metallic type of electrode. 
Figure 216 illustrates the procedure for arc cutting. The cut 
is made wide in order to work away the metal in the kerf. You 
can make a cut in the vertical position, but the horizontal posi- 
tion works best. The position of the plate will determine the 
angle of the electrode. When you are cutting heavy plate, 
work your electrode from the bottom to the top of the plate 
with the bottom slightly ahead of the top (see figure 216) . 

Whether you are using the carbon or the shielded arc electrode 
for cutting, you use straight polarity (electrode negative), and 
a long arc. You’ll have to set your current and voltage much 
higher than for welding, and you may even have to have special 
electrode holders to resist the high heat that will be developed. 

You can also use the electric arc for rivet cutting and hole 
piercing. The shielded-arc electrode is better than the carbon 
arc for these jobs just as it is better for cutting through heavier 
sections. 


This is because the coating acts as an insulator i ly ; Don’t 
the arc from shorting against the sidewalls of the hor 
Also the electrode coating extends beyond the mt.., 
making it possible for you to push the electrode against the 
plate or rivet without shorting out. 

3/16" SHIELDED ARC 
ELECTRODE 

\ 


Va" carbon 

ELECTRODE 
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Figure 216. — ^ Carbon and shielded -arc cutting. 


3. The YOU WANT TO RETIRE ON THIRTY? 

tip '' ■■ 

. . plan to retire on thirty, there are a few simple little 

precautions that you must not forget even once, when you are 
working with welding or cutting equipment. Don’t guess— 
don’t experiment — don’t assume anything. Be sure you’re 
right before you start to weld or cut. You may not have a 
second chance if you don’t do it right the first time . 

If you keep the following rules in mind, your chances of 
being around will be a lot better: 

1 . Use no oil or grease on any welding or cutting equipment. 

2. Use a spark lighter to light your torch. Do not use matches. 

3. Open the acetylene valve about one-quarter of a turn to 
light an oxyacetylene torch. Don’t light it with both 
valves open. 

4. Be sure there are no leaks in your oxyacetylene equipment. 
Don’t use leaky equipment. 

5. Test for leaks with soapy water and a brush — not with a 
flame. 

6. Keep the kinks out of your welding hose. 

7. Wear proper protective clothing at all times when welding 
or cutting, even if it is a small job. Hot metal from a little 
job will burn just as much as hot metal from a big job. 

8. The people working near by or watching you are your 
responsibility. See that they are also protected. 

9. Hang torches and electrode holders in their proper places— 
not on your regulators. 

10. Welding or cutting fuel containers is dangerous— it can 
be done by using live steam or other precautionary meas- 
ures to clear the container of all explosive gas. 

11. Provide yourself with a standby fire watch when you are 
welding or cutting. 

12. When you are working in a confined space, station a man 
at the bottle valves. 

13. Use tools made for the job. Don’t improvise makeshift 
tools. 
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14. Replace unsatisfactory equipment immediately, Don^t 
try to repair valves and regulators. 

15. Baby those cylinders — it doesn’t pay to get rough wifti 
them. 

16. Check your ventilation. Don’t weld or cut in a confined 
space. 

17. Never strike an arc on a cylinder — it just isn’t done. 

18. Striking an arc on any sealed container is asking for trouble. 

19. Dropping hot, rejected electrode studs on the deck is 
not good practice. 

20. All checking of circuits on welding machines should be 
done on dead circuits. Get an Electrician’s Mate to check 
any serious trouble. 

21. The polarity switch should never be operated when the 
welding machine is working under load. Operate your 
polarity switch while the machine is still or idling. 

22. If you are using a motor-generator type of arc-welding 
machine, be sure you have a power ground on the machine. 

23. Never look at an electric arc with the naked eye. 

These are some of the more important precautions you will 

need to keep in mind. If you are not sure about something, 

find out from a reliable source. Most important of all — think! 

Davy Jones’ Flotilla is manned by guys who didn’t think! 

They didn’t retire on thirty. 

QUIZ 

Select the one best an.s\ver to each of the following statements. 

1. The process of severing ferrous metal by means of the chemical action 
of oxygen on the elements in the base metal is called — 

(a) Carbon arc cutting, 

(h) Flame treating and cutting. 

(c) Metal arc cutting. 

(d) Oxyaeetylene cutting. 

2. The jet coming from the center orifice of a cutting torch tip will be- — 

(а) Acetylene. 

(б) Oxygen. 

(ij Carbon Dio.xide. 

(d) Hydrogen. 
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S. The streams coming from the smaller orifices surrounding the center 
tip orifice are for— 

(a) Cutting. 

(5) Postheating. 

(c) Preheating. 

(d) Oxidizing. 

4. In torch cutting a plate % inch thick, the recommended tip size 
number would be — 

(a)0. 

(5) 1. 

W 2. 

(d) 3. 

5. Acetylene pressure in relation to oxygen cutting pressure must be — ■ 

(a) Much lower. 

(b) Much higher. 

(c) The same. 

(d) Alternately higher, then lower. 

6. The preheating flames of a cutting torch should be adjusted to — 

(a) Reducing. 

(h) Oxidizing. 

(c) Normalizing. 

(d) Neutral. 

7. In starting a straight cut on metal other than an edge, tilt torch at a 
45° angle from perpendicular in line with the direction of cut in 
order to — 

(a) Provide proper starting bevel. 

(h) Eliminate slag blow back, 

(c) Preheat properly. 

(d) Eliminate spark shower, 

8. If a preheating cutting flame is too long, the — 

(a) Cut bottom will have a gouged appearance. 

(b) Cut will be extremely rough and irregular. 

(c) Drag lines will be irregular. 

(d) Cut ^s top edge will be fused. 

9. If oxygen pressure is too low in torch cutting, the — 

(a) Bottom of cut will appear gouged, 

(b) Top edges will be melted. 

(c) Drag lines form sweeping curves. 

(d) Drag lines are irregular. 

10. A good cutting speed with the cutting torch will produce— 

(a) Uniform drag lines forming sweeping curves. 

(6) Irregular drag lines. 

(c) Continuous vertical drag lines. 

(d) Very little spark shower. 
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U . A suitable torch guide for cutting beveled straight edges is a— 

(a) Protractor bevel, with extension. 

(5) l-inch angle iron, with angle up. 

(c) Special tip with steel guides. 

(d) A chalk line 

12. The best way to cut off and bevel a piece of pipe is to — 

(a) Make a continuous cut around the pipe. 

(5) Hold tip at a 45° angle with center of the pipe. 

(c) Oscillate cutting tip. 

(d) Cut off square, then bevel. 

13. The purpose of rotating the torch when piercing a hole is to — 

(a) Blow molten slag out of the hole. 

(h) Insure a round hole. 

(c) Distribute cutting heat evenly. 

(d) Insure proper preheating. 

14. The cutting tip for removing countersunk rivets should— 

(a) Have a small diameter oxygen orifice. 

(6) Have four flame heating orifices. 

(c) Be low-velocity. 

(d) Be high-velocity. 

15. To avoid forming a hard layer along the edges when torch cutting high 
carbon and alloy steel — 

(а) Preheat edges ahead of cut. 

(б) Postheat edges after cut. 

(c) Use an oil bath for quenching. 

(d) Smear edges with a grinder. 

16. The process of cutting stainless steel is known as — 

(а) Deoxidizing, • 

(б) Carburizing. 

(c) Oxidation. 

(d) Melting. 

17. Laying a steel rod along the cut line is a definite aid in cutting — 

(а) Low carbon steel . 

(б) Stainless steel. 

(c) Cast iron, 

(d) High carbon steel. 

18. Cast iron is more difficult to cut than steel because — 

(a) Steel must be preheated to a higher temperature 
than cast iron. 

(5) It requires a much smaller oxygen pressure than 
steel. 

(c) It melts at a lower temperature than its oxide. 

(d) It is more brittle than steel. 
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19. Flux cutting is the— ' ; ■ 

(а) Adding of a non-corrosive flux ahead of the torch. 

(б) Feeding a steel welding rod into the cut. 

(c) Fluxing of the line of cut prior to preheating. 

(d) Fluxing the cut to prevent oxidation. 

20. A cutting torch tip should be cleaned with a — 

(a) Mixture of borax. 

(5) Steel wool. 

, (c) Steel brush. 

(d) Drill. 

21 . Too short a flame after cleaning a tip will indicate that the — 

(a) Orifices are bell mouthed. 

(6) Tip seat is dirty and scaly. 

(c) Gas passages are partially closed. 

(d) Oxygen orifice is plugged, 

22. If necessary to make an emergency oxyacetyiene cut, the air should 
be tested with — 

(a) An explosimeter. 

(5) A spark igniter, 

(c) A match. 

(d) A barometer. 

23. The most suitable way to pierce a hole through a long shaft would 

be to use — 

(a) An oxyacetyiene cutting torch. 

(b) A metal lathe. 

(e) A heavy duty drill press. 

(d) An oxygen lanco. 

24. The angle of an electric arc cutting electrode will be determined 
by the — 

(a) Thickness of plate being cut, 

(5) Position of plate being cut. 

(c) Amount of voltage available. 

(d) Type of metal being cut (ferrous or non-ferrous) 

25. The best test for leaks in oxyacetyiene torch lines is the use of — 

(a) A match. 

(5) Compressed air. 

(c) . Soap suds. 

(d) Test paste, ■ ' ■ : ' 
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CHAPTER n 

SHEET METAL MEASUREMENT AND LAYOUT 

All your life you have come in contact with a lot of things 
made of sheet metal. The gutters and downspouts that the 
local “tin bender’ ' put on the new house down the street, the 
system of furnace piping that carried the air that warmed your 
home in winter, funnels you have used to pour gasoline in your 
jalopy — yes, even the cookie cutters your mother used to use — 
were made of sheet metal. These and hundreds of other items 
are made of sheet metal. Aboard your ship you will be called 
upon to fabricate many items similar to those you have seen 
around your own home. Have you ever stopped to think how 
those items were laid out, fabricated, and installed? Before 
you can install the item you have to construct it. Before you 
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can construct it, you’ll have to lay out your work. Before you 
can do any of these things you’ll have to be able to mea.sure 
lengths, widths, thicknesses, and angles with a great degree of 
accuracy. Unless your measurements are “right on the Initton, ’ 
you will not be able to construct the desired shape. 

LAYOUT TOOLS 

The tools you’ll most often use in laying out sheet metal jobs 
and patterns are: the scratch awl, flat steel square, circuraler- 
ence rule, straightedge, dividers, trammel points, prick punch, 
and the center punch. When you are making your practice 
layouts you will in all probability be restricted in the use of sheet 
metal. If at all possible, use a “template paper.” This material 
has a waxed surface that is well adapted to scribe and divider 
marks. If this type of paper is not available, use heavy bi’own 
wrapping paper, or discarded chart paper w’hich can be obtained 
from the navigator or quartermaster. When you use paper, 
it will be necessary for you to substitute a 4H pencil fur the 
scribe, and a pencil divider for your regular layout dividers. 
You’ll have to take good care of your scribes, pencils, dividers, 
and rules, because the accuracy of your work depends upon 
them. After you have made a few practice layouts, the impor- 
tance of accurate measurements will be more firmly impressed 
in your mind. You will have a feeling of satisfaction when your 
layout “comes out” in the manner you planned. If it doesn’t 
quite tit, the probability is that you were careless somewhere 
along the line. 

USING LAYOUT TOOLS 

Figure 217 illustrates the correct manner in which to scribe 
a line, using a scratch awl and rule. Hold the scale or straight- 
edge firmly in place. Set the point of the scriber as close to the 
edge of the scale as possible by tilting the scriber outward. 
Exert pressure on the point and draw the line, tilting the tool 
slightly in the direction of movement. For short lines, use the 
steel scale as the guide. For longer lines, use a circumference 
rule, or a straightedge. When you have a line to draw between 
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Figure 218. — Checking the square. 


DOUBLE 
THE ERROR 


BODY 


Figure 217. — Scribing a line. 


two points, prick-punch each point. Start from one prick- 
punch mark and scribe toward the center. Complete the line 
by scribing from the other prick-punch mark in the opposite 
direction. 

The plat steel square is a useful tool for laying out sheet- 


metal jobs. Before usingit, or at least at periodic intervals, you 
should check the square for accuracy. When your square is off, 
your work will be proportionately off, no matter how careful 
you are. In parallel line developments, you will use the flat steel 
square to construct lines that are parallel to each other as well 
as perpendicular to the base line. This procedure is illustrated 
in figure 219. Just clamp the straightedge firmly to the base 
line. Slide the body of the square along the straightedge, and 
draw perpendicular lines through the desired points. 



Figure 219. — Drawing perpendicular parallel lines. 

The combination square can be used to draw a similar set 
of lines as is illustrated in figure 220. An edge of the metal upon 
which you are working is used as the base line in both cases. 
One edge of the head of the combination square is. 90° and the 
other edge is 45°, 

Combination squares are delicate instruments and will be of 
little value to you if you permit them to receive rough handling. 
Stow your tools properly when you are not using them. Keep 
them clean and in tiptop shape, and youll be able to construct 
90° angles, 45° angles, and parallel lines, without error. 

You have the tools to construct those angles without any 
strain. But how about lines at angles other than 45° or 90°? 
The PROTRACTOR is the tool you use for other angles. Mark the 
vertex of the angle on your base line with a prick punch (see 
figure 221) . Set the vertex of your protractor on the mark, and 
then scribe a F at the desired angle (in this case 70°). Scribe 
the line between the vertex and the point located by the F and 
you have constructed an angle of 70°. 
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When you locate a point and mark it with the piuck prxeii, 
be sure to use very light taps with a small ball-peen hammer. 
The smaller the mark you make (so long as you can see itj, the 
more useful and accurate that mark becomes. 

You will use dividebs to scribe arcs and circles, to transfer 
measurements from a scale to your layout, and to transfer 
measurements from one part of the layout to another. Careful 
setting of the dividers is of prime importance. When you t rans- 
fer a measurement from a scale to the work, .set one point of 
your dividers on the mark and accurately adjust the other leg 
to the desired length as illustrated in figure 222. 



To scribe a circle, or an arc, grasp the dividers between the 
fingers and the thumb, place the point of one leg on the center, 
and swing the are. Exert enough pressure to hold the point on 
center, slightly inclining the dividers in the direction in which 
they are being rotated (see figure 223) . 

There will be many times when you’ll have to scribe a circle 
with a radius larger than your dividers. When you have that 
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shows three-dimensional objects being formed from flat patterns. 
When jobs are laid out, allowances for edges and seams must be 
added. 



Figure 22 5» — Forming square and cylindricai shapes from fiat patterns. 


Making a drip pan is a sheet metal job that you are sure to 
have as a striker in the sheet metal shop. Some of these pans, 
or boxes, will be used around the machinery in your shops. 
Take a look at them and see how they were made. Some have 
had the seams welded. Others are riveted and soldered. The 
welded seam is the fastest and easiest to lay out, but the riveted 
and soldered seam is by far the better of the two in sheet metal 
work. The various methods of seaming are discussed later in 
this chapter. 




Break out your layout tools. Select a piece of sheet metal or 
template paper about one foot square. Lay out a pan, or box, 
similar to that shown in figure 226. Make the sides about I 34 
inches in height, and the bottom about 9 inches square. Don’t 
forget the tab for riveting. The angle on the tab is 45°. If this 
angle were not cut, you would have difficulty forming the side 
of the box. When you have the drip pan, or box, laid out, form 
the pan by breaking (bending) the sides up 90°. If you have 
made ail of your measurements accurately, and have made 
your breaks on the line, the upper edge will be even all around, 
like the one shown in figure 227. 



The stretchout of a cylindrical job will be rectangular in 
shape. One dimension of the rectangle will be the height of the 
cylinder, and the other dimension will be the circumference of 
the cylinder. When you’re given measurements for a cylindrical 
job, however, you’ll be given the diameter rather than the 
circumference of the cylinder. You’ll have to find the circum- 
ference yourself. 


The circumference may be determined by computation oi 

with a circumference rule. . 

You remember the rule for finding the circumference ot a circrle 
from jom Mathematics, NavPors 10620. Rule, ihe cueum u- 
ence of a circle is equal to 3.1410 times the diameter ((^ — t J). 
By the use of this formula you can find the length of the stietc 
out of any cylindrical object. Just multiply the diameter by 
3.1416 {or you can use 3.14 or 3 1/7, depending on how accuiate 
you wish to be), and the answer will give you one dimension 
for your stretchout. The length of the desired cylindei is you! 

; other dimension. 



Figure 228, — Stretchout of a cylinder. 


Anotlier method is by the use of the circumference rule. Tiie 
upper edge of the circumference rule is graduated in inches in 
the same manner as your regular layout scale, Init the lower 
edge is graduated quite differently (see figure 229) . 
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Figure 229. — Circumference rule. 

The lower edge gives you the approximate circumference of 
any circle within the range of the rule. You wiH notice in 
figure 229 that the reading on the lower edge directly below 
the 3-inch mark is a little over 9^^ inches. This reading would be 
the circumference of a circle with a diameter of 3 inches and 
would be the length of a stretchout for a cylinder of that di- 
ameter. The dimensions for the stretchout of a cylindrical ob- 
ject, then, are the height of the cylinder and the circumference. 
DonT forget that you’ll have to allow for your seams. 




Figure 230. — Variation of cylinder. 
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A VARIATION OF THE CYLINDRICAL JOB that joull rUO ilUo IS 

a fiat-sided structure with rounded ends. Such a shape is shown 
in figure 230. 

To figure the stretchout for this shape, find t-he cireuinhTcnc.e 
of a completed circle of the diameter of such a circle us would hr 
formed by the two curved ends of the shape. Then a<id twice 
the length of the straight part— W in your illustration. Us<* Ihr 
following equation for figuring your unknown dimensions 
TT D + 2W. The symbol tt is always 3.1410. Here is un 
example: let D = 5, and W = 6. Now, 3.1410 x 5 + (2x0) — ■ 
27.7080, or about 27% inches. So one side of your stretchout 
will be 27%inches,and the other will be the length of the shape 
that you are making. 

SUBSTITUTING KNOW HOW FOR TOOLS 

Constructing a 90® or right angle is no trick at all if you 
have a true steel square. But suppose that you have no s(.|uan‘, 
or that you have a square which is off. You still need a right 
angle for your layout. Break out your dividers, a scriber, and 
a straight edge. Draw a base line like the one labeled AB in 
figure 231. Set your dividers for a distance greater than One- 



Figure 231. — Constructing a 90® angle by bisecting a iine. 
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half AB, then, with A as a center, scribe arcs like those labeled 
C and D. Then, without changing the setting of your dividers, 
use B as a center, and scribe another set of arcs at C and D. 
Draw a line through the points where the arcs intersect and 
you will have erected perpendiculars to line AB, forming four 
90*^ or right angles. You will also have bisected, or divided line 
AB into two equal parts. 

Constructing a right angle at a given point with a pair 
of dividers is a trick that you’ll find quite useful in making 
layouts. Figure 232 is an illustration of a method for construct- 
ing a right angle at a given point. 



Figure 232. — Constructing a 90° angle at a given point. 

Suppose that you have line with .4 as a point at which 
you need to erect a perpendicular to form a right angle. Select 
a point within the proposed angle that you wish to construct. 
In figure 232 that point is C. Set your dividers equal to C/1, 
and using that distance for a radius, swing an arc BAD with G 
as a center. Lay a straightedge along the points B and C and 
draw a line which will intersect the other end of the arc at D. 
Now, draw a line connecting the points D and A and you have 
constructed a 90° angle. This method may be used to form 90° 
corners in stretchouts that are square or rectangular, like a drip 
pan or a box. 
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I .vma om A OTP FAX «th a pair op diviobri » no m, 1 

„ ?hr™otini! a perpendicular- You'll ne«l .l.cdoiA, 

rlSSdi Ld a. heet of template paper, \ouknow 

r: 'd So» the length, ividth, and height « d,-,,, o 
IS hkpan mist be made. Draw a base line sm- 1, sure i-.. 
Lert a point on this line for one corner o your '.‘r'lH’* ' ; 

Erect a perpendicular through this point fonning a • - 

Now, measure off on the base line the requ.re.l leugih .. ■ 

pan. At this point erect another perpendicular. '■ 

three sides of your stretchout. Using the required long i <> 
pan for the other dimensions, draw the fourth side para e o 
the base line, connecting the two perpendiculars that you hu\e 

erected. , 





Figure 233. — Laying out a drip pan with dividers. 
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Now, set your dividers for marking off the depth of the drip 
pan. You can use your steel scale to measure off the conect 
radius on the dividers. Using each corner for a point, swing a 
wide arc like the one shown in the second illustration in figure 
233. Extend the end and side lines as shown in the last illus- 
tration in figure 233, and complete the stretchout by connecting 
the arcs with your scribe and straightedge. The next step is to 
lay out your tabs like those shown in figure 227. Their size is 
determined by the diameter of the rivet, which in turn is deter- 
mined by the thickness of the sheet. All that remains to be 
done now is to transfer the pattern to your sheet, cut the metal, 
and form it. 

You have seen how a pan can be laid out without the use of a 
steel square by the use of geometric constructions. You bisected 
a line, erected a perpendicular from a given point* on a line, and 
drew parallel lines by geometric construction. You’ll find that 
these and other geometrical principles may be used to do a lot 
of layout problems rapidly and accurately. 



Figure 234. — Bisecting an angle. 


Bisecting an arc is another geometric construetion with 

which you should be familiar. Angle ABC (see figure 234) is 
given. With B as a center, draw an arc cutting the side.s of the 
angle at D and E. With D and E as centers, and with a radius 
greater than half of arc DE, draw arcs intersecting at F . A line 
drawn from B through the point F bisects the angle ABC. 

To DIVIDE LINE INTO A GIVEN NUMBER OP EQUAL PARTS, yOU 

need only a straightedge and a protractor. Figure 235 illustrates 
the simplicity of the geometric method. AB is the given line 



Figure 235.— Dividing a line into equal ports. 

which is to be divided into five equal parts. From point A draw 
line AC at any convenient angle, and to a length that is readily 
divisible into five equal parts. From line B draw’* line BD so 
that the angle ABD is equal to CAB. Point off on BD the same 
number and size units as those pointed off on line A C. Connect 
the corresponding points on AC and BD. The connecting lines 
then divide line AB into five equal parts. 

To DIVIDE OR STEF OFF THE CIRCUMFERENCE OF A CIRCLE into 
six approximately equal parts, just set your dividers for the 
radius of the circle and select a point on the circumference for a 
beginning point. In figure 236, point A is selected for a begin- 
ning point. Swing an arc through the circumference of the 
circle like the one shown as B in the illustration. Use jB, then, 
as a point, and swing an arc through the circumference at C. 
Continue to step off in this manner until you have divided the 
circle into six equal parts. If the points of intersection betw^een 
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Figure 236. — Dividing a circle into six equal parts. 


the arcs and the circumference are connected as shown in the 
illustration, the lines will intersect at the center of the circle, 
forming angles of 60°. 

If you need an angle of 30°, all you have to do is to bisect one 
of these 60° angles, by the method described earlier in this 
chapter. Bisect the 30° and you have a 15° angle. You can 
construct a 45° angle in the same manner by bisecting a 90° 
angle. In all. probability, youll have a protractor to lay out 
these and other angles. But just in case you don^t happen to 
have a steel square or protractor, it’s a good idea to know how 
to construct angles of various sizes and to erect perpendiculars. 

Laying out a square or rectangular elbow with a pair 
OP DIVIDERS is another job in which you will use geometric con- 
struction. Take a look at figure 237. A in the illustration shows 
you what the completed job should look like. Now, to make 
your layout for this job, draw the base line OZ shown in B in 
the illustration. Set your dividers for a distance equal to the 
width of the cheek. This distance forms the throat radius. 


Figure 237. — Layout of square or rectangular eibow. 


This rule will not always apply, as it must often be governed by 
the amount of space available to make the turn with the elbow. 
Now, with 0 as a center, scribe the arc YU. To get the heel 
radius, add the width of the cheek to the throat radius. Using 
0 as a center, scribe the arc ZT. These layouts, when cut, will 
form the cheeks, or vsides, of the elbow. The next operation is 
to lay out the heel and throat pieces. These are the other two 
of the four sides of your elbow, the throat being the inside piece, 
and the heel the outside piece. Set the dividers at exactly one 
inch, and step off the heel and throat arcs as shown in C, figure 
237. If there is a distance of less than one inch left at the end 
of the arc, measure it with another pair of dividers or a scale. 
To make the stretchout of the heel and throat, lay out one 
piece of metal equal to the height of the elbow (see A in figure 
237), and equal in length to the number of steps taken with the 
dividers, plus the fraction of an inch left over. One stretchout 
will be the heel and the other the throat. You can assemble this 
elbow by the fusion welding process, in which case you won't 
need to allow for tabs. But welding will cause a thin section 
to warp, so you may need to use some of the other standard 
methods for joining this type of work. 

WORKING FROM PLANS 

When you became a striker for Metalsmith, you probably 
spent your first day in the shop just looking around. You 
watched the men in the shop do the many varied jobs. Did you 
notice that all of the men in the shop who were laying out work 
were doing so from some sort of plan? This plan may have been 
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a sketch j a drawing, or a blueprint. In order for you to lay out 
work, you will have to be able to read these plans, and as you 
climb the ladder of advancement you^Il be expected to make 
sketches and drawings, 

A SKETCH is a rough outline of the structure to be fabricated, 
giving dimensions and details of the job to be done. Such in- 
formation as angles to be used, and type of material required 
are included in the sketch. 

A DRAWING is similar to a sketch, but it is made with mechan- 
ical drawing instruments and it is drawn to scale. 

A BLUEPRINT is a duplicate of a drawing or sketch. Usually, 
only accurate drawings are blueprinted. These blueprints are 
furnished by the manufacturers of the machinery installed 
aboard your ship, and also by the bureaus concerned with the 
building and maintenance of the ship on which you are serving. 

Your ability to read blueprints, dra^vings, and sketches is of 
prime importance to you, since your ability to interpret in- 
formation of this sort will determine your importance to your 
section and your ship. Study your basic training course, Use of 
Blueprints, NavPers 10621. You’ll find that this book will help 
you to read almost any kind of plan that you’ll run into, A 
satisfactorily completed job is your objective or destination, 
and the plans from which you work are the road maps to your 
destination. Be able to read them accurately. 

DON’T FORGET THE EDGES 

Thus far your practice jobs have been laid out to be formed 
with the edges left as they are. Very few of your jobs in the 
shop will actually be fabricated in this manner. Edges are 
formed to improve the appearance of the work, strengthen the 
piece, or to eliminate Ihe raw edge. These edges may be formed 
from the metal itself by inserting wire, or by attaching a band 
or angle iron. The kind of edge that you will use on any job will 
be determined by the purpose, size, or strength of the edge 
needed. 

The single-hem edge is illustrated in figure 238. This edge 
can be made in any width. In general, the heavier the metal, the 
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wider the hem is made. The allowance for the hem is equal to 

its width (If in figure 238). 



The double-hem edge (figure 239) is used where additional 
strength is needed, or when a smooth edge is desired inside, as 
well as outside. The allowance for the double-hem edge is twice 
the width of the hem. 



Figure 239.— Double-hem edge, 

4 WIRED EDGE (figure 240) will often be specified in your 
plahs. Objects such as ice-cube trays, funnels, garbage pails, 
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PLAIN LAP 


CORNER LAP 


and other articles formed from sheet metal are manufactured 
with wired edges to strengthen and stiffen jobs and eliminate 
sharp edges. The allowance for a wired edge is times the 
diameter of the wire used. For example, if you are using wire 
which has a diameter of inch, multiply K by 2}^ and your 
answer will be 54 i^ch, which you will allow when laying out 
your sheet metal for making the wired edge. 


Figure 240. — Wired edge. 


SHEET METAL SEAMS 


When you made your layout for a drip pan or box, you were 
instructed to allow for a tab for seaming with rivets. This 
method of joining sheet metal is known as lap seaming. 

Lap seams may be of three kinds: the plain lap seam, the 
offset or “joggled*^ lap seam, and the corner lap seam. Lap 


seams may be joined by drilling and nveting, by sotong. or 
by a combination of both riveting and soldering To figure 
vour allowance for a lap seam, you must first know the diameter 
of the rivet that you plan to use. The center of your met must 
be set in from the edge a distance of two times its diameter. 
Your allowance, then, must be four times the diameter of the 
rivet that you are to use. Figure 242 illustrates the manner in 
which a plain lap and a corner lap are laid out for seaming with 
rivets (d represents the diameter of the rivets). For corner 

seams, allow an additional Ke inch for clearance. 



Figure 242. — Layout of lop seams for riveting. 


Grooved seams are useful in the construction of cylindrical 
shapes. There are two types of grooved seams — the outside 
grooved seam, and the inside grooved seam (see figure 243). 
The allowance for a grooved seam is three times the width 
(W in figure 243) of the lock, one-half of this amount being 
added to each edge. For example, if you are to have a inch 
grooved seam, 3x)4= Minch, or the total allowance; Mof M 
inch = ^ inch, or the allowance that you are to add to each edge. 
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Figure 243. — Grooved seams, 


Pittsburgh Jock seams. 
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^ PITTSBURGH LOCK 
Figure 245. — Layout of Pittsburgh lock seams. 

laying out notches 

Notching is the last but not the least important step to be 
considered when you are getting ready to lay out a job. Before 
you can mark a notch, you’ll have to lay out the pattern and 




add the seams, laps, or stiffening edges. If the patterns aren’t 
properly notched, you’ll have trouble when you start forming, 
assembling, or finishing the job. 

No definite rule for selecting the proper notch for the job can 
be given . But as soon as you get to where you can visualize the 
assembly of the job, you won’t have any trouble determining the 
shape of the appropriate notch for the job. If the notch is made 
too large, a hole will be left in the finished job. If the notch is 
too small, or not of the proper shape, the metal will overlap and 
bulge at the seam or edge. Don’t worry too much if your first 
notches don’t come out too well— practice and experience will 
take care of that. 

A SQUARE NOTCH is probably the first you’ll make. That’s 
the kind you were instructed to make in your practice layout of 
a box or drip pan. Take a look around the shop to see just how 
many different kinds of notches you can see in the sheet metal 
shapes. The metal frame in which the Battle Bill is posted is 
probably made with a slant notch. 

Slant notches are cut at a 45® angle across the corner, when 
a single hem is to meet at a 90® angle. Figure 246 illustrates the 
steps in forming a slant notch. 




Figure 246. — Slant notch. 

A F-notch is used for seaming ends of boxes. You’ll also use 
a full Vmoteh when you have to construct a bracket with a 
toed-m flange or for similar construction. The full V is illus- 
trated in figure 247. 



When you are making an inside flange on an angle of less 
than 90®, you’ll have to use a modification of the full F-notch to 
get flush joints. The angle of the notch will depend upon the 
bend angle. A modified F-notch is shown in figure 248. 



A WIRE NOTCH is a notch used with a wired edge. Its depth 
from the edge of the pattern will be one wire’s diameter more 
than the depth of the allowance for the wired edge ( 23 ^d), or in 
other words , 3 times the diameter of the wire (3 H d) . Its width 
is equal to times the width of the seam (1 H '^^0 That portion 
of the notch next to the wired edge will be straight. The shape 
of the notch on the seam will depend upon the type of seam 
used, which, in figure 249, is 45® for a grooved seam. 
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Figure 249. — Wire notch in cylindrical layout, 


Most of your work will require more than one type of notch 
just as shown in figure 249, where a wire notch was used in the 
forming of a cylindrical shape joined by a grooved seam. In 
such a layout, you’ll have to notch for the wired edge and the 
seam. 

Another combination of notches that you’ll be running into 
is in laying out and making an ice-cube tray. The tray itself is 
similar to the drip pan you have laid out, but the upper edge will 
require a wired edge. In this job, you’ll have to use the wire 
notch, the modified V, and the square notch (see figure 250). 


Figure 250. — Notching for an ice-cube tray. 


DEVELOPING PAHERNS 

If all the work that you were called upon to perform consisted 
of laying out and fabricating drip pans, boxes, lockers, and 
straight sections of cylindrical and rectangular ventilation lines, 
your work would be much easier. Your layout work would 
consist of nothing more than straight-line angular development, 
plus allowances for seams and edges, and visualizing the notch 
needed. But you’ll have to construct ventilation systems, or 


at least make repairs to those systems. This work calls for 
elbows and tees which can't be laid out unless you know parallel 
line development. 

^ Parallel-line development is based upon the fact that a 
line w^hich is parallel to another line is an equal distance from 
that line at all points. The main lines of a structure to be laid 
out by parallel-line development are parallel to each other. 
Objects which have opposite lines parallel to each other, or 
which have the same cross-sectional shape throughout their 
length, are developed by this method. This includes such 
shapes as the cylinder and prism and their many variations. 

You'll have to observe certain fixed principles as follows; 

1 . A plan and an elevation of the desired shape must first be 
drawn in which the parallel lines of the solid are shown in 
their true lengths. 

2. Visualize the pattern from a right view of the article in 
which the miter lines or lines of intersection are shown. 

3. Draw a stretchout or girth line at right angles to the par- 
allel lines of the solid, upon which is placed each space 
contained in the section or plan view. 

4. Draw measuring lines at right angles to the stretchout 
lines of the pattern. 

5. Draw lines from points of intersection of the miter line, in 
the right view, intersecting similarly numbered measuring 
lines drawn from the stretchout, to show the outline of the 
development. 

6. Trace a line through the points thus obtained to give the 
desired pattern. 

Now, let us develop, step by step, a layout of an intersected 
pipe by the parallel-line method. Such a pipe might be used for 
a ventilation pipe on a slanting roof. Follow through on the 
instructions, checking each step with the illustration shown in 
figure 251. Then break out your layout tools and a sheet of 
template paper and try one for yourself. 

First, construct an elevation on the miter line similar to the 
one shown in figure 251. The miter line is the inclined plane or 
slanting roof. The elevation is a front view. Line AB represents 
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the diameter of the pipe. The distance between line AB and 
the miter line is the height of the pipe, which will vary around 
the circumference of the pipe. 


4 



Now, determine the center of line AB, and construct a center 
line as shown in figure 251. Set your dividers for one-half the 
distance of line AB, Develop your plan by the following steps: 

1. Construct line 1-7 parallel to and just above AB. Using 
the point at which the center line of the elevation inter- 
sects line 1-7, swing an arc with your dividers and com- 
plete the half plan as shown. 

2. Step off the circumference of the half plan with your 
dividers into six equal parts. 

3. Set your straightedge at right angles to the center line, 
and using it as a base line, draw lines parallel to the center 
line by the method illustrated earlier in figure 219. The 
parallel lines must be drawn from the points where the 
arcs intersect the cirr^umference of the half plan to the 
miter line (see figure 252). 


Figure 252. — Development of layout for intersected pipe. 


4. With your straightedge draw EF, (an extension of line 
AB) , and step off twice the distance you stepped off in the 
circumference of the half plan. 

5. Draw a line GH parallel to EF at a distance equal to the 
greatest height of the elevation. 

6. Through the points located on the extended line, by 
stepping off with your dividers, draw parallel lines at right 
angles to the line extended from AB, 

7. Number these lines in the proper order as illustrated 
(1 to 7 to 1). 

You are all set now to transfer the miter line CD in the eleva- 
tion to the stretchout. To transfer the miter line to the stretch- 
out and thus form the stretchout for the elevation, you may 
use either of two methods : 

1. By measuring, and transferring that measurement from 
the elevation to the stretchout, with the use of your 
dividers. 

2. By projecting the points in the elevation to the stretchout 
by parallel projection lines (broken lines) . 

Whichever method you use, youll come out with the same 
stretchout, if you are careful in your measurements. Try both 
methods and make a habit of using the one which comes easiest 
to you. To develop your pattern by use of the dividers, follow 
these step-by-step instructions, working from figure 252: 
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1. Set your dividers along line 1 to equal the distance from 
line to line CD. 

2. Keeping your dividers set at this distance, transfer this 
measurement to the two lines numbered 1 in the stretch- 
out. Using the points at which the lines marked 1 inter- 
sect the extension of AB as a point, scribe an arc cutting 
each of the lines equidistant to line 1 in the elevation. 

3. Then, measure line 2 in the elevation, and transfer this 
measurement to the two lines marked 2 in the stretchout. 
Repeat this procedure for lines 3, 4, 5, and 6. 

4. Notice that there is but one line 7 in your stretchout, so 
you will need to transfer the measurement of line 7 in the 
elevation to but one line 7 in the stretchout. 

5. Finally, connect the points at which the arcs have inter- 
sected each of the elements, with a curve running from 
line 1 to the opposite line 1. Smooth out your curved line, 
add your allowances for seams, and your pattern is com- 
plete. If this final line has serious irregularities, you have 
made a mistake in measurement. Your final stretchout 
will look exactly like the one made by projection in figure 
253. 

To obtain the pattern by projection, you merely project 
parallel broken lines from the points of intersection on the miter 
to like-numbered lines in the stretchout . These lines are drawn 



Figure 253. — Transferring from elevation to stretchout to make the pattern. 


at right angles to the numbered lines and parallel line AB. 
They are drawn from the point at which the numbered lines 
intersect the miter CD to the point at which they intersect the 
most distant like numbered line in the stretchout. Again, the 
pattern is completed by connecting the points of intersection on 
the stretchout with a curved line. Remember, the more care 
you take in drawing your elevation, stepping off the half plan, 
and transferring your measurements from the elevation to the 
stretchout, the more accurate your pattern will be. Figure 254 
is a pictorial view of the plan you have just laid out. 



Figure 254. — Pictorial view of pipe intersected at an angle. 

The parallel-line method can also be used to develop an elbow 
of any desired diameter, depth of throat, or number of pieces. 
Figure 255 illustrates the development of a five-piece 90® elbow. 
If you fee! the need for a bit of brain calisthenics, “turn to'^ on 
this one with a pair of dividers and a straightedge. 

1 . Using figure 255 as a model, draw an angle similar to ABC. 

2. Set your dividers for the throat radius, T in the illustra- 
tion, and scribe the arc. 
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STRETCHOUT 


Figure 255. — Development of a five-piece 90® elbow. 


Set your dividers for the heel radius and scribe the heel 
arc. (The heel radius is determined by adding the diameter 
of the elbow to the throat radius.) 

4. Step off the heel arc AC with your dividers into equal 
spaces. (To determine the number of spaces to use, follow 
this rule: Multiply the number of pieces in the elbow by 2 
and subtract 2. In other words — ^number of pieces x 2 ~ 2 
= number of equal spaces to use when dividing the heel 
arc. For a five-piece elbow— 5 X 2 — 2 = 8.) 

5. Now, draw lines from the vertex B to the points stepped 
off on the heel arc, making piece I and V equal to one 
space each on the heel arc. Pieces 11, III, and IV are made 
equal to two spaces each on the heel arc. They are twice 
the size of I and V. 

6. UsingilBforthebaseline, construct the half plan, 

7. Step off the circumference of the half plan into equal 
spaces, and number the dividing lines from 1 to 7. For a 
larger diameter, use a greater number of equal spaces. 
The greater number of spaces you use, the more accurate 
your plan will be. 

8. Use BD for the miter line. You have now completed your 




eievatioB for making the stretchout of .piece II;; which will 
be the;'same;for III and and for making stretchout of. 
. .piece! which, will be the. same as V. 

9. Extend line to „ the right, of the elevation to ma.ke.the 
stretchout. ' , 

10. Set your dividers equal to one of the numbered xlivisions 
in the half plan. 

11. Step off twice the number of equal spaces in the stretchout 
that you have in the half plan. . 

12. Erect perpendiculars from the base line of the stretchout 
and number them as shown in figure 255. (The number 
with which you begin and end in your stretchout will de- 

' termine the. location of the seam in your finished elbow. 
The b«§st location for, a seam on an elbow is on the side, so 
, . you number from 4 to 7 to 1 to 4. Numbering from. 1 to 
7 to 1, as ivas shown in the previous development, -would 
place the seam on the heel. This is not desirable as it 
would take more time and material to complete the seam. 
Numbering from 7 to 1 to 7 would place the seam in the 
throat of the elbow, and that too, would be undesirable, 
since often the space available for seaming the throat is 
too little to make a strong seam. The location of the seam 
is a matter of preference and is determined by the Job you 
are laying out.) 

13. To transfer the pattern from the elevation to the stretch- 
out by the use of your dividers proceed as follows : 

(a) Set your dividers along line 4 in the elevation a dis- 
tance equal to that from AB to BD. 

(b) Using this distance on your dividers, step off three 
spaces on each of the three lines 4 in the stretchout, 
starting from the base line of the stretchout. 

(c) The point on each of the lines 4 dividing the second 
and third space forms the center of your stretchout. 
Draw a line connecting these three points to form 
the center line of your stretchout. 
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{d) Now^ using the point at which the center line and 
the numbered lines (elements) in the stretchout 
intersect,, scribe arcs cutting each of the lines in 
turn the same length as are the corresponding lines 
in the elevation between base line AB and miter 
line 

{e) Connect these points with smooth lines which will 
be curved, and your stretchout is formed. Piece I 
in the stretchout (the lower piece) is the pattern for 
pieces I and V in the elbow and piece II in the 
stretchout is the pattern for pieces II, III, and IV. 

Figure 256 is a pictorial view of a five-piece elbow such as the 
one you have just laid out. 



Figure 256. — Pictorial view of a five-piece elbow. 

You have seen that to develop the stretchout, you must draw 
an elevation and a plan view. In the case of the intersected 
pipe and the elbow, it was necessary to draW' only the one eleva- 
tion and plan view. Some developments will require two or 
more elevations. An example of this type of development is the 
T-joint. To develop the Trjoint it will be necessary for you to 
draw a side elevation and an end elevation as well as plan views. 
For the side elevation, you draw the object exactly as you 
would see it, looking directly at the side of the T. Now, imagine 
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that you are holding the T in the palm of your hand looking at 
the side. Revolve it toward you 90° so that you will be looking 
into the end of the main pipe and draw the end elevation (see 
figure 257). 



Figure 257. — Side and end elevation of a T-joint. 

To construct the side and end elevation: 

1. Draw a horizontal center line. 

2. Construct parallel lines, leaving sufficient space for the 
development of your side and end elevations, intersecting 
the horizontal center line. These lines will form center 
lines for the two elevations. 

3. Draw the plan view above the constructed elevations (see 
figure 258). 

4. Step off the circumference of the plan view into equal 
spaces with your dividers. 
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Figure 258. — Transferring elements to obtain miter line. 
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5. Number 'the elements of the plan as illustrated. The plan 
is numbered 1 to 4 to 1 because each cfuarter section of the 
intersection, or miter, of the two pieces is the' same as any 
other quarter section in the elevation. If the intersection 
of the T were other than at a 90® angle, you would number 
from 1 to 7 as you did in. developing the pattern for the 
elbow. 

0. Extend lines parallel to the center lines in each of the views 
from the numbered points. In the end view these lines 
will be drawn to the main pipe. To, determine the lower 
end of the lines in the side elevation, 'proceed as follows: 

(a) Place ■ your straightedge at right; angles, to ' the 
number 4 vertical element of the end view. ' Draw 
a broken horizontal line from number 4 element of 
■the end view to number 4 vertical element of the 
side view. Connect the other like numbered ele- 
ments in the same manner. Remember that there 
are two elements numbered 3, 2,. and i in the side 
elevation to be connected. 

7. Draw a 'Curve through the intersections you have,, just', 
located on the side view. 

8. To the right of the elevations, draw a stretchout equal in 
length to the circumference of the upper section of the T 
(see figure 259), or equal to twice the distance that you 
stepped off in the half plan. The height of the stretchout, 
obtained by projection, is equal to the maximum height 
of the T. The height is equal to the length of the longest 
element in the side elevation — in this case, element 
number 4. 

9. Step off, locate, and number the element lines in ' the 
stretchout, 

10. Project the points of intersection locating the ,mite,r in the: 
side elevation. Draw the curve through these points, 

11. Now, using the circumference and length of the main pipe 
for dimensions, draw' the stretchout for the main pipe as 
shown in figure 260. 



12. .Bisect the. length of the stretchout' with ' an element, line 
' and number that line L 

3B3' 


.Figure' 260 . — Stretchout of 





13. Set your , dividers on the distance from, 1 to 2 in the half 
plan in the elevation. Using this radius and the point at 
which line 1 intersects the right-hand edge of your stretch- 
out^ scribe an arc on either side of 1 on the edge of the 
stretchout. Number each of these points 2. Now; setting 
your dividers for the distance from 1 to 3 in the half plan 
of the elevation, scribe arcs using 1 as a center on either 
side of element 1 in the stretchout. Number these points 
both 3 . Repeat the procedure to get the points for number 
4 elements in the stretchout . 

14. Through the points located, draw the element lines parallel 
to line 1 . 

15 . Project the elements of the side elevation view to the 
correspondingly numbered elements in the stretchout. 
Connect the intersecting points with curved lines to out- 
line the hole. 

16 . Add seams to the stretchout as required. Remember that 
the amount you will allow for seams will depend upon the 
method that you plan to use for joining. 

When your layout is completed, transferred to sheet, and 
formed, you should have a shape like the one illustrated in 
figure 261 . 



Figure 261. — Pictorial view of a T-{oint. 


You have seen that you can develop patterns for a drip pan 
or box by the straight line angular method of development, and 
you have been shown methods for making stretchouts for elbows, 
pipe interseetion angles, and T’s by the parallel line method. 
Each of these methods for the development of patterns has 
many more applications, and you^ll use them often, but you 
won’t be able to develop some of the patterns that you’ll run 
into without a working knowledge of radial line pattern de- 
velopment. 

The radial line method of pattern development employs 
some of the features of parallel line development that you’ll 
recQgnizie when you have laid out a frustum of a right cone. 
You are familiar with the shape of a cone. A right cone is one 
which, if set big-side-do vm on a fiat surface, would stand 
straight up. In other words, a center line drawn from the 
point, or vertex, to the base line, would form right angles with 
that line. The frustum of a cone is that part which remains 
after the point, or top, has been removed. 

To develop a pattern for the frustum of a cone, check the 
following steps one by one with the illustration shown in figure 
262. 

1. Draw a side vie w^ of the cone, using such dimensions as 
your job at hand requires. Letter the vertex A and the 
base BC. At the point D, and parallel to line BC, drawra 
line that cuts the top from the bottom of the cone. The 
bottom portion is called the frustum. 

2. Draw^ the half plan beneath the base of the frustum, step 
it off into an equal number of spaces, and number it as 
shown in the illustration. 

3. Set your dividers the length of the cone along line AC, and 
using the vertex A for a center, scribe an are equal to the 
length of the circumference of the bottom of the cone. 

4. Set your dividers equal to the distance of the step-offs on 
your half plan, and step off twdee as many spaces as you 
have in the half plan. 

5. Number the step-offs from 1 to 7 to 1. 
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6 . Draw lines oonriecting A- with point 1 -at each end of the 
stretchout. 

7. XoWy using A for a center, set yoiir dividers along line AC 
to the' length, of AD: Scribe an. arc through both; of the 
lines diTWii fiTjm A to, 1 . ' 

The area enclosed between the large and small '.arcs and the 
nuinber 1 lines 'is the pattern for the frustum of a cone. Add 
.allowances for seaming and edging and your stretchout is 
complete. 

To develop a pattern for a cone cut at any angle, you need 
merely tu elaborate the development of the pattern for a 
frasturn. Such a pattern is illustrated in figure 263, 

To develop a pattern for a cone cut at any angle, follow the 
method gi\’en here step by step : 

1., Draw a cone with a line such as DE cutting the cone. 

2. Draw the half plan at the base of the cone, step off the 
equal spaces, and number them as you did in the pattern 
for a frustum for a right cone. 

3. From the points on the half plan erect lines perpendicular 
to the base line BC. B>om the points at which these lines 
intersect BC, draw lines to the vertex x4. Number the 
elements at the point of intersection on the angle line DE, 

4. Set your dividers for a distance equal to A (7, and with A as 
a center, scribe an arc for the stretchout of the bottom of 
the cone. Step off the distance of the ^ uv.imference of the 
bottom of the cone on the stretchout, 

5. From the step-off points on the are^ -araw lines to the 
vertex. Number these elements in the aame order as the 
half plan—? to .1 to 7. 

6. Using your dividers with A as a ceatei^, ..leasiire the length 
■of line 7 in the elevation from A to line ED, Swing thi:* are 
still using A as a center to. scribe arcs and locate poin r-s of 
intersection on each of the lines 7 in the stretchoi^t. He- 
peat the procedure for each of the niuiiiicred lines, 

7. Join these points of intersection with a carved line on i ne 
stretchout. 

8. Add allowances for seaming and edging, and the patlc3rri 
is complete. 
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Figure 263. — Development of cone cut at any angl< 


TRANSFERRING THE PATTERN TO METAL 


Many of the patterns you make will be laid out right on the 
metal, but there will be times w^hen you will have to make your 
development on paper and then transfer the pattern to the 
metal upon which you plan to work. When you transfer these 
measurements you must be careful to avoid mistakes or your 
piece will not “come out.” 
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Occasionally/ you may cut out the pattern from template 
paper. If this is the case, you will hold the pattern firmly in 
place and trace around the edges. The break lines (lines on 
which you ^11 bend the w’^ork) will be located by using a prick 
or center punch/and marking through the pattern on to the 


Figure 264. — Transferring the pattern to metal. 









: If you 'were in a large production shop .where you made the 
same piece over - and . over ' again, you would/ make ' a metal 
pattern and use it to trace around and locate break lines and 
holes. Generally, the work you will be doi.iig will be, so varied 
that you will develop the stretchout when you need it,, instead ' 
of making metal patterns for future use. 

LAYING OUT SECTIONS FOR VENTILATION SYSTEMS 

You 11 be using many of the layout procedures discussed in 
this chapter when you have to replace or repair sections of tlie 
VENTILATION SYSTEMS of your ship. ' You won^t find many ships 
in the Navy today that have natural draft ventilation systems. 
Some of the older vessels may have, but the modern shiphs ven- 
tilation is provided by motor driven blowers. These ventilation 
systems are designed to serve spaces between main transverse 
bulkheads, and are not interconnected between these water- 
tight sections of the ship. Each section of the ship is served by 
two distinct systems. One is the supply system which forces 
fresh air into the compartment it serves. The other system is the 
exhaust, and this system draws the foul air from the compart- 
ment and discharges it overboard. The supply and the exhaust 
systems are separate from each other, hut they work in con- 
junction with each other. The number of supply and exhaust 
systems serving your ship will depend on the size of the ship. 
Figure 265 illustrates one of the ventilation systems aboard a 
modern ship. Only a few ventilation systems will be found on 
small ships but a large number of systc^ms will be required to 
serve a battleship. Valves are fitted in both systems to prevent 
the spread of water by way of the ventilation lines from a lower 
compartment that lias been damaged to one above it. You are 
required to know the location of these valves so that you can 
secure them in the event of an emergency. Familiarize youi’seif 
with the ventilation system of your ship, particularly tliat 
section which is within the boundary of your damage-conti'oi 
station. 

Installing iNst:L.\.TiON or lagging might be a part of your 
job. Ventilation systems are often fitted with heaters and 



WATERPROOF 

VENTILATORS 


VAN ED TURN 


■RAIN AND SPRAY 
PROOF ventilator 


-VANE AXIAL FAN 





BLAST 
TERMINAL 
TYPE “E" / 

^ARMOR GRATING 
MACHINERY ARMOR DECK 
SPACE 

CONTROL SPACE 


DUCT COOL- 
ING COILS 


SUPPLY 


EXHAUST 


COOLING 


Figure 265. — Ventilation systems. 


coolers particularly in submarines, which have extensive air- 
conditioning plants. Many of the ventilation lines must be in- 
sulated and lagged (covered with insulating material) to combat 
condensation or “sweating.’' There are many types of insulat- 
ing materials available for various purposes. (See chapter 39, 
Thermal Inmlation^ Bureau Of Ships Manual, NavShips 250- 
000-39, 1947.) The insulating materials you will most fre- 
quently use are fibrous-glass batt insulation, and fibrous-glass 
tape. Adhesive insulation cement type B of Navy Department 
Specification 52C23 is suitable for securing all lagging materials. 
It has the best properties of adhesion and will not corrode steel 
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when it is applied to it. Ducts are insulated by applying adhe- 
sive cement on the underside of flat surfaces and other necessary 
locations j and placing the fibrous glass blanket, Navy Depart- 
ment Specification 32G5, around the duct and tying the fibrous 
glass in place with cord or wire to prevent shifting while lagging 
the duct. Where preferred, the fibrous glass insulation on fit- 
tings and small ducts may be lagged with fibrous glass tape, 
Navy Department Specification 32G9, instead of with the se wed- 
on glass cloth. After installation the lagging on the ducts is 
painted to match the other surfaces in the compartment. 



Figure 266. — Method of insulating ducts and fianges. 


In good sheet metal work, the primary requirement is to be 
able to plan and lay out the work. The man who can do this 
job is the one that is going to get ahead. If your curiosity is 
aroused, this book has served its purpose. You are now 
ready to collect some reading material and really give this 
problem of layout and sketching some serious thought. Get 
hold of Use of NavPers 10621 a basic Navy Training 

Course, and master it. If you still have curiosity, and you will 
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if you go this far, check with your educational officer and he can 
probably furnish you with USAFI courses in this field. Your 
chief will be glad to help you to get access to books that you 
want, if he knows you are sincere in your desire to learn. 

QUIZ 

Column A is a list of layout tools;- column B is a list of laj^’cut operations. 
Match items in column A with column B. 


A 

(a) Combination 
square. 

(h) .Dividers or 
trammel. 

(c) Flat steel 
square. 

(d) Prick punch. 

(e) Protractor. 

(/) Scriber. 

(g) Straightedge. 


B 

1. Transfer dimensions. 

2. Construct right angles and 
parallel lines from base line. 

3. . Construct angles other than 
90° or 45° from base line. 

4. Construct 90° angles, 45° 
angles . 

5. Draw accurate lines on metal. 

6. Lay out long straight lines. 

7. Locating points for placing 
divider legs. 

8. Scribe regular arcs. 


Select the one best answer to each of the following statements and write 
the small letter which is to the left of this answer on the line at the right 
of the item number. 

9. The shape of a cylindrical stretchout will be — 

(a) Circular. 

(5) Three-dimensional. 

(c) Rectangular. 

(d) Cubical. 

10. The longest stretchout dimension (disregarding seams) of a cylindric'"'^. 
pipe which is 1 p 2 feet long and 6 inches in diameter will be — 

, (a), '6.0 iiiches. 

-■'/■''{b) 9.4248 inches, 

(c) 18.0 inches. . - - . 

(d) 18.8496 inches. 

11. The longest stretchout dimension for the illustrated cylinder varia- 
tion, if one inch is allowed for seams, will be — 

(a) 24,5673 inches. 

(5) 36,2832 inches. 

(c) 39.5664 inches. 

{d) 33.8496 inches. 





12. A rough outline of a structure to be fabricated, giving dimensions and 
details of the job to be done, is called a— 

(a) Tracing. 

(b) Sketch. 

(c) Drawing. 

(d) Blueprint. 

13. When working with thin metal, the allowance for a wire edge is how 
many times the diameter of the wire? 

(a) VA. 

ib) 2. 

(c) 2 y 2 , 

(d) 3^. 

14. Rivets for a lap seam must be set in how many rivet diameters from 
the edge? 

(а) 1. 

(б) yA. 

(c) 2. 

(d) 2K. 

16. The allowance for a lap seam which is to be riveted with A inch rivets 
wuli be — 

(а) A inch. 

(б) A inch. 

(c) A inch, 

(d) A inch. 

16. When making a corner lap seam, allowance for clearance should be — 

(а) 1 /16 inch. 

(б) 234 times rivet diameter. 

(c) 4 times I’ivet diameter. 
id) 34 the lap wddth. 

17. Of the following, the type seam used for the construction of cylin- 
drical shapes would be — ■ 

(а) Offset lap. 

(б) Plain lap. 

(c) Pittsburgh lock. 

(d) Grooved. 

18. If a 5/16 inch grooved seam is specified, the allowance to be added to 
each edge will be — 


19. WitH reference to the pocket depth in a Pittsburgh lock seam, the 
width of the flanged edge must be— 

; (a) More. , ■ 

(b) The same. , 

(c) 'Less. , 

(d) Two times the pocket depth. 

20. When a single hem edge is to meet at a 90° angle, the type of notch 
used will be — 

(a) Square. 

(b) Slant. 

(c) V. 

(d) Wire. 

21. If an inside flange is to be made on an angle of less than 90°, the 
notch which will provide flush joints is a — 

(а) Modified V. 

(б) Wire. 

(c) Slant. 

(d) V. 

22. The depth of a wire notch from the edge of the pattern will be — 

(а) iJ'i times the width of the seam. 

(б) 2 times the width of the seam. 

(c) 2/4 times the diameter of the wire. 

(d) 334 times the diameter of the wire. 

23. The shape of a wire notch will depend upon the — 

(a) Type of wire. 

(b) Size of wire. 

(c) Type of seam. 

(d) Size of seam. 

24. The method used to develop a pattern for an intersected pipe is — 

(a) Parallel. 

(5) Radial. 

(c) Angular. 

(d) Triangular. 

25. The method used to develop a pattern for a funnel would be — 

(a) Parallel. 

(5) Radial. 

(c) Angular. 

(d) Triangular. 
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26. Bead lines on sheetmetal 8 je called— : : 

(а) Drawing lines. 

(б) Centerlines. 

(e) Projection lines. 

(d) Break lines. 

27. Installing of insulation on ship ventilation lines is referred 

(а) Sweating. 

(б) Caulking. 

(c) Lagging. 

(d) Sealing. 

28. Irssuiation is installed on ship ventilation lines to— 

(o) Combat condensation, 

(6) Aid in cooling. 

(c) Serve as a fire protection. 

(d) Counteract static electricity. ■ 



CHAPTER 12 

HAND AND MACHINE PROCESSES IN SHEET: 
METAL WORK 

When you start any job in sheet metal work, there are several 
things that you always have to, think about before you can 
actiiall}^ begin work. Some of these are: materials, ia.yoiit 
procedures, forming processes, and tools needed. In other 
words, you have to know what you have to work with, how you 
are going to plan the job,, how you are going to do it .once it 
has been planned, and just what tools are going to be required 
to do the Job. 

In many cases, the material you will use will be determined 
for you, either by written or oral specifications. When you 
work from blueprints or plans, the material is usually specified. 
Yoidll find it right on the blueprints. In other instances youll 
have to find out from the person giving you the job just what 
kind of metal he requires and . what: gage or thickness of metal 
is desired. As you gain experieneep.. youdl have less trouble 
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determining the gage metal to use on a job> if it is left up to you 
to decide. Generally speaking, the shape of the object will 
determine the method of layout and the forming processes that 
you will use. The use to which the object is to be put will 
determine the kind of material best suited for the job. 

You’ll work with sheets made of black iron, galvanized iron 
or steel, aluminum, monel, copper-nickel, corrosion-resisting 
steel, copper, brass, zinc, plate, and terneplate. The great- 
est portion of your work will be with galvanized (zinc- 
coated) sheets and black iron (sheets that do not have a pro- 
tective coating). Regardless of the material used the layout 
procedure will be about the same. 

It’s common practice in the sheet-metal field to specify the 
thickness of sheet metal by gage number. The practice in the 
supply department of the Navy, though, is to order sheet 
metal in terms of weight per square foot. For that reason it is 
important that you be able to recognize a particular sheet of 
metal by its weight per square foot and its thiclmess in decimal 
parts of an inch as well as by gage number. Figure 267 is a 
conversion table that will come in handy for ready reference 
when you need to convert galvanized iron or black iron sheet 
gage to thickness in inches or to weight per square foot. The 
approximately 40 pounds per square foot for each inch of 
thickness will vary from five percent above to five percent 
below that given in the table. The sheets you work on may 
have the gage number stencilled on them by the manufacturer; 
but in case it isn’t and you need to know it, you’ll have to 
determine the gage by measurement. You can do this by 
measuring the thickness of the sheet with a U. S. standard gage 
for sheet and plate iron and steel. It’s a good idea to check 
the sheet whether it is stencilled or not. Get the habit of 
checking and you’ll save a lot of errors. Steel plate heavier 
than 11 gage is usually designated in weight per square foot. 
For example, steel plate J/^inch thick is referred to as 5-pound 
plate, J4“inch thick as 20-pound plate, 1-inch thick as 40- 
pound plate. This practice is based on the fact that steel weighs 
approximately 40 pounds per square foot for each inch of thick- 
ness, the rule being 234 pounds for each 1/16-mch thickness. 
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BLACK AND GALVANIZED IRON 


GAGE U. S. 

BLACK IRON 

GALVANIZED' ' 
IRON 


Thickness Inches 

Wt. in Lbs. 
per Sq. Ft. 

Wt. in Lbs. 
per Sq. Ft. 

32 

.0097 

.406 

.563 

30 

.0120 

.500 

.656 

28 

.0149 

.625 

.781 

26 

.0179 

.750 1 

.906 

24 

.0239 

1.000 

1.156 

22 

.0299 

1.250 

1.406 

20 

.0359 

1.500 

1.656 

18 

.0478 

2.000 

2.156 

16 

.0598 

2.500 

2.656 

14 

.0749 

3.125 

3.281 

12 

.1046 

4.375 

4.531 

10 

.1345 

5.625 

5.781 


Figure 267. — Conversion table. 


Your first step in any sheet-metal job is the selection of 
material. Sometimes material is specified in your plans. Next, 
you’ll lay out your work either directly on the sheet or plate or 
on template paper. If yoiiVe made your developments on 
paper, be very careful to transfer the pattern accurately to the 
sheet. After all of your layout lines are drawn, your next 
step is to cut and notch the sheet before forming. 

Sheet metal is tricky stuff to work with, especially when you’re 
bending or forming it. You’ll learn mostly by experience just 
how much and in what way you can bend and form the various 
kinds of sheet material. You’ll also learn to be extremely careful 
when you handle sheet metal edges, because it is an easy way to 
cut your fingers. It’s a good policy to dress (smooth) a fresh 
cut metal edge with a file. 

HAND AND MACHINE CUTTING 

If your material is light gage sheet metal, you’ll make your 
cuts with hand snips. For 22-gage or lighter mild steel, use 
straight or combination snips. For 16- to 20-gage mild steel, 
use bulldog snips. Material heavier than 16-gage may require 
the use of bench shears like the ones shown in figure 268. 
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Select the proper snip' for the ;|ob at hand ^ see that it is prop- 
erly adjusted and oiled^ and youdi make'yoiir task a lot easier. 
Start your cut with the jaws open as far as it is convenient for 
you to grip. Keep the blades at right angles to the work, and 



Figure 268. — Bench shears. 


cut the sheet by. closing the blades just short' of the fiili iengtii 
to prevent leaving jagged edges. Finish the cut, keeping 'the 
snips' . on the line. 

You can cut an outside circle as well as a straight-line cut 
with, the combination snips. Cut off the corners of the metal 
to make it easier to handle. Then make a contin.iious cut, 



Figure 269. — Cutting an outside circle with combination snios. 



tiirnirig the metal as the cut, is being' made. . . If, possible, remove 
the waste material in one piece:.. 

When you have an inside circle to cut, yoiill use hawksbill, 
aviation, or pi voter snips. To .start the ciityoull ha\"e to 
punch a hole in the center of the circle to be cut, work out to 
the line, ana then follow the line around until the cut is com- 
pleted. The pivoter snip is one .of the handiest hand cutting 
tools in your shop. You can easily cut irregular curves as well 
as straight lines with it. 



Figure 270.- — Cutting an inside circle wiih aviation snips. 


Remember, that unless otherwise identified, these hand 
cutting tools are designed for light-gage soft steels. When you 
are working with stainless steel and others of the special alloy 
sheets, youT have to do your cutting with special alloy snips. 
These snips have inlaid cutting edges of special alloy tool 
steel, and are rugged and tough enough to shear sheets that 
would nick and dull the cutting edges of ordinary snips. 

Power squaring shears for long straight cuts on heavy 
materials will be available if you are on one of the larger vessels. 
Dc^pending upon the size of the shop and the work your shop is 
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Figure 271 . - Power squaring shears. 


designed to do, this machine will vary in size from large power- 
driven shears like the one shown in figure 271 to the smaller, 
treadle-operated, shears like the one shown in figure 272. 

These shears are designed for various capacities, and the 
capacity of the shear must not be exceeded or the machine will 
be put out of order. Capacity plates, specifying the maximum 
thickness of material to be cut, are installed on the machine when 
It is manufactured. Do not remove these plates. The man who 
uses the machine next may not know as much about it as you 
do, and he’ll need to know the maximum capacity of the shear 
also. Don’t expect the machine to cut alloy sheet steels of the 
same gage as the capacity gage for soft sheet. Alloy steels are 
tough and will dull the blade. These sheets have greater shear 
strength than mild steel sheets of the same thickness. Greater 
force is necessary to cut the material. Therefore, you shouldn’t 
try to cut alloy steel more than half the thickness of the maxi- 
mum capacity for which your shear is built, if the capacity 
rating is set up in terms of mild steel gage. 

Squaring shears are equipped with devices which are used as 
stops for sheets when more than one piece of the same size is 
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required. These stops or gages are located on the front, back, 
and sides of the bed of the shear. They can be adjusted to 
various lengths and angles (see figure 272). The gages of all 
types of squaring shears are similar, whether the machine is 


BACK GAGE 


HOLD-DOWN 

^HANDLES-^, 

"crosshead 


^.SAFETY GUARD 
iS\\ BEVEL GAGE 

m \ upside gage 



CUTTIN6\ extension 
BLADE \ arm 


FRONT 

GAGE 


"FOOT TREADLE 


HOUSING'^ 


GRADUATIONS ON BED 
(ENLARGED) 

Figure 272, — Treadle-operated squaring shears. 

manually operated or power driven. When trimming so as to 
form a square sheet, the side gages must be set at to the 
cutting blade. You can do this by placing the tongue edge of a 
flat steel square against the shear blade, and lining up the side 
gage with the body of the square. When the side gage is 
securely bolted in position, and your metal sheet held firmly 




against the side gagej-.the-^-newly /Cut edge will be at 90^ to the 
side of tlie' sheet. ' ■ .. ■. 

.There are two types of- squaring shears — one with an attach^ 
meiit to clamp the sheet -automatically , and the other with an. 
attachment to clamp the 'sheet by hand, These clamping 
devices are known as hoid-do'wns.. On power-driveii shears the 
hold-dowm is automatic. When youVe started the motor, give 
it time to reach maximum speed, and insert the metal to be cut. 
NoW' all you have to do is trip the foot treadle, and the machine 
automatically clamps the sheet' into position and makes the cut. 
With the - hand-operated hold-down, which is ■ usually set Tip 
. "with manually operated machines, the sheet .to be cut is in- 
serted into the shear, the hold-down handles' adjusted-, and the 
cut is then made by depressing' the foot treadle (see figure 272),- 
After the' cut is made, you then release the- hold-downs 'and 
remove the piece from the machine. 

Not all squaring shears have a safety guard, but all should 
have one. If you are fortunate enough to have one on your 
machine, donT remove it. The safety guard has saved many a 
finger for Uncle Sam^s Metalsmiths. No one would stick his 
finger in the machine intentionally, but accidents do happen, 
andThe safety guard is just one more precaution that is well 
^vorth having. The shear should be operated by one man, but 
if two men are required for the job, extra care is needed to 
prevent accidents. If you are operating the treadle, be sure that 
your helper has his fingers clear before you depress the treadle. 

The squaring shear, whether operated by power or hand, 
is designed to cut sheets op metal „ Never cut square, round, 
or bar stock with this machine. You’ll nick and dull the blade 
and otherwise seriously damage the machine . There are various 
other types of shears that will cut this type of stock. Also, 
you’ll have saw^s for doing this type of cutting. 

The principle of the shear is the same as that of the guillotine 
used during the French Revolution to cut the heads from so 
many unfortunate victims. The lower blade of the shear is set 
in a position parallel to the bed of the machine, and it remains 
in a stationary position at all times. The upper blade, which is 
the movable blade, is attached to the cross head at a slight 
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angle to the horizontal position- of the' lower blade. , The shear*' 
ing action starts at one .end of the sheet ■and' continues,, across 
the sheet, in, the same manner that. 'a pair of '801880.18 cuts paper 
or cloth.'. 



.HORiZONTM 

iLADi',, 

Figure 273. — Principfe of the shear. 

Metal rules or other tools should never be left on the shear 
bed . They might slide under the blade and dull it or spring some 
of the shear parts. Besides, a rule or square that has been cut 
in two has lost its usefulness. 

A UNiSHEAK is used for cutting sheet-metal curves and 



notches, as well as for straight-line cutting. Unishears might 
be called power-operated, combination snips. This handy 
machine has two short blades. The lower blade is held in a 
fixed position, and the upper blade moves up and down at high 
speed. The tool will cut metal up to its rated capacity. Do not 
exceed this rated capacity. The unishear is designed in a variety 
of sizes, the most common being 18-gage and 12-gage soft steel 
capacities. 


Figure 274. — An 18-gage unishear. 

A stationary bench tool can be made of the unishear by 
securing the tool in the cradle. The cutting blades are easily 
removed for sharpening and replacement. The machine will 
cut as fast as you feed it, up to 15 feet per minute. The uni- 
shear is a versatile machine. It is ruggedly constructed, but to 
get the best out of it, you’ll have to give it proper care. Treat 
it right and it’ll treat you right. Keep it clean, keep it oiled, 
and you can make a cut in the same manner and in half the time 
that it would take with a pair of hand snips. 
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Figure 275. — A 12-gage unishear. 


You know how to cut an outside and inside circle with a pair 
of hand snips. So long as the gage of the sheet is relatively 
light, it is probably the best method available. When you 
have heavier gages of metal to work, however, it becomes quite 
a task to use the hand snips. There are a number of machines, 
both manual and power-operated, that speed up and ease the 
cutting operation. You may be fortunate enough to have some 
of them available on small vessels, and you are sure to have 
some and perhaps all of them on the larger ships. Included 
among these shearing machines are slitting, throatless, circle, 
and ring-and-circle shears. Slitting shears and throatless 
shears are discussed in Chapter 2, Tools and Equipment. 

With the RiNG-ANB-ciRCLE SHEAR, the problem of cutting 
perfect outside and inside circles is greatly simplified. Ail you 
need to do is — 

1. Select a piece of stock of sufficient size and locate the 
center with a prick-punch mark. 

2. Adjust the gage arm of the machine to the radius of the 
desired circle. 
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Figure 276. — Ring-and-drde shear. 


3.. Put 'the stock' in the sliding circle arm, locating the center 
by feeling the centering, pin of' the clamping device slip 
into the depression of the prick-punch mark. 

4. Lock the metal blank securel}^ in position by depressing 
the clamping handle. 

5. Set the lock nuts on the upper cutter-adjustment handle 
so that the upper cutter j in its lowest position, produces 

.... a clean cut.' 

,6. Lower, the upper rotary cutter (figure 276) until it coin.es 
in firm contact vdth the metal. 

7, Turn che operating handle (if power-operated, just push 
the starting button). ' The blank will feed itself into the 
shear. Continue the operation, lowering the upper rotary 
cutter until the disk is cut, and youVe cut a perfect circle. 
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If your purpose is to manufacture a flange or circular ring of 
the disk, you cut the inner circle in the same manner as the 
outside circle was cut. Just raise the upper cutter by turning 
the handle controlling it. Adjust the sliding circle arm to the 
new radius for the inner circle, and proceed as wth the outer 
circle. 



Figure 277. — Wc/ksjig wJlj rbg and circle shear. 

The ring-and-cireie shear can be used to cut straight or irregu- 
lar curved sections. When cutting straight sections, use the 
slitting gage, and for irregular curves Just follow your layout 
line. For light-gage materials,, the rotary cutters should be set 
to just touch, but not rub. heavier gages, the cutters 
should be separated slightly. These adjustments should be 
made according to the manufacturer’s recommendations. 
Check your instruction sheet for details of the machine you 
have available. 

If you have to make a ring or a flange from 11-gage material, 
aPxd the only tools that you have to work with are hand tools 
and a slitting or bench shear, you’re going to do a great deal 
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more manual labor than you would if you could use a ring and 
circle shear. But you can make the ring in the following 
manner: 

1 . Scribe concentric circles (circles of different size having 
the same center) of the desired radii for the inner and outer 
circumferences. 

2. Make a series of straight cuts on the slitting shear as close 
to the outside circumference line as possible. 






5. Secure the ring in the vise and file the inner cireumference 
to the inner scribed line. 


Figure 279. — Drilling holes around inner circumference. 


SHEET METAL FORMING 

The next step after cutting and trimming your stretchout is 
the forming process. Again the equipment you have at hand 
will determine the exact procedure you will use. Figure 281 
illustrates a bend made by clamping the sheet on the work- 
bench or other object, with an angle bar and C-clamps. You 
form the bend by bending the metal slightly with your hands, 
the entire length of the sheet, and finishing the bend with blows 
struck with a wooden mallet. 

The more experience you have in making bends in this man- 
ner, the better the appearance of the bend will be. In all prob- 
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Figure 281. — Making a bend by hand, 
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ability, though, you’ll have a standard cornice or box-and-pan 
brake. 

Standard cornice or box-and-pan brakEvS speed up, the' 
work and produce more uniform bends than can be produced 
by hand. These machines are ruggedly constructed and will 
give lifetime service if you use them properly within their rated 
capacity. Before you make a bend with the machine, you have 
two things to do in addition to making sure that the stock or 
sheet you are working is not beyond the rated capacity of the 
brake. 

1. Adjust the clamping adjustment screw for the gage metal 
you are working, (The clamping device holds the work 
firmly in position.) 

2. Adjust the upper leaf (move backward or forward) to at 
least the thickness of the metal . This distance is measured 
from the front edge of the lower jaw to the front edge of 
the upper jaw. 

It’s important that you make these adjustments. For ex- 
ample, if your clamping device is set for 18-gage metal and 
you make a bend in 24-gage metal, your sheet may not be held 
firmly in position and it is likely to slip. This would cause the 
bend to be made in the wrong place. On the other hand, if the 
brake is adjusted to clamp a very thin sheet of metal and a 
thick sheet is inserted for bending, you may break the clamping 
handle because of the strain exerted in attempting to close the 
jaws of the brake. 

When you have not adjusted the upper leaf correctly, you’ll 
do still more serious damage. As an example — if you have 
adjusted the upper leaf for 24-gage (moved it backward or 
forward a distance equal to the thickness of the sheet from the 
front edge of the lower jaw to the front edge of the upper jaw) 
and then inserted a sheet of 18-gage metal to make a bend with 
his setting, you will put undue strain on the jaws of the ma- 
chine. Possibly this strain could spring the jaws out of align- 
ment and damage the edges of the jaws. No damage will be 
done if the brake is set for heavy gage and you bend light-gage 
metal with the same setting. The bend will not be as sharp and 
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Figure 283. — End view of brake showing adjustment screws. 


it will have a radius. A radius is often desirable, and this is 
the way that a bend with a slight radius is formed. For a sharp 
90® bend, the upper leaf must be adjusted so that the distance 
is exactly the thickness of the metal. 

Standard hand brakes are rated for a l-inch or wider flange 
(bend) on mild steel when the angle bar is in place on the bend- 
ing leaf. When narrower flanges are to be formed, a correspond- 
ingly lighter material must be used. For each H-inch reduction 
in flange size, reduce the thickness of the metal two gages. For 
instance, a machine is rated to bend a 1-inch flange on 16 gage, 
a M-inch flange on 18 gage, and a J'^-inch flange on 20 gage. 
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Brakes vary in length from 3 feet 1 inch to 10 feet 1 inch and are 
either hand- or power-operated. 

To get the feel of the brake, proceed as follows: 

L Select a piece of 18- or 20-gage scrap sheet metal. Scribe 
a straight line across the surface. 

2. Set the clamping device so that the metal will be held 
firmly in place without your having to exert too much 
pressure on the clamping handle. 

3. Set the bend allowance on the upper leaf for the metal you 
are working. This distance is measured from the front 
edge of the bottom leaf to the front edge of the upper leaf. 
(See figure 284.) 



Figure 284, — End view of broke showing bend allowance setting. 


When you want to make a sharp bend, the allowance set 
on the upper jaw is exactly equal to the metal thickness. 
When your allowance is greater than the thickness of the 
metal, the bend will have a slight radius. 

4. Raise the upper leaf with the clamping handle and insert 
the sheet in the brake, bringing the scribe line on the sheet 
into a position even with the front edge of the upper jaw. 
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5. Clamp the sheet firmly in position. Check to make sure 
that the brake line (the line you scribed on the sheet) is 

.. in line with the upper jaw. 

6. Raise the lower leaf to the desired angle to form the bend 
or 'flange., , 

When the metal bend is soft and ductile (copper, for 
example), your bend will ^‘stay put” in the angle to which you 
raised the lower leaf . If the metal is hard and springj^, you will 
have to raise the lower leaf a few degrees more than you do for 
the soft metal to compensate for the “spring-back” of the 
harder metal. The exact amount of spring-back for which 
you will have to compensate will be determined by the metal. 
Experience will be your instructor, and your eye will be your 
guide. 

If you don/t know just how much the metal will spring back, 
raise the lower leaf to the angle desired. Lower the leaf slightly 
and observe the amount that the metal springs back. Then 
raise the leaf again, this time to a greater degree than before, 
to compensate for the amount of spring-back you observed in 
the first attempt. 

7. Release the clamping device and remove the sheet from 
the brake. 

If, after you have made your bend, you find that one end of 
the sheet has a sharper angle than the other end, you can be 
sure tiiat your machine is out of adjustment. Take a look at 
the bend. If it is sharp at one end and has a radius at the other, 
it means that the end of the brake that made the bend with a 
radius needs to be set up slightly. This situation often occurs 
when the brake has had a great deal of use. Normally, small 
work is handled on the right side of the brake. Over a long 
period of time this side receives more wear and must be adjusted 
to compensate for the wear. 

You’ll often have to form bends with the same degree of 
angle on a large number of pieces. To facilitate the operation 
of making duplicate bends, you will set the stop gage attached 
to the bending leaf at the end of the brake. The stop gage 
consists of a rod, yoke, and set screw. When you have made 

417 




the first bend to the desired angle and allowed for the spring- 
back; you set the stop gage. To do this — 

1 . Raise the bending leaf to the position required to make the 
desired bend. 

2. Slide the yoke (see figure 282) up the rod until it touches 
the stop through which the rod passes. Tighten the 
setscrew. 

You can now make duplicate bends by raising the leaf until 
it is halted by the stop gage. 

When you are making bends on short sheets of metal it will 
be necessary to raise only one end of the upper jaw. When 
your piece is long, both ends will have to be raised to get the 
metal in the brake. Adjust the sheet in position by lining up 
the left-hand edge with the brake line and the upper jaw. 
Clamp in place. Then line up the other end of the sheet and 
clamp it in position. 

The best method to use when forming a single hem (see 
figure 238) is as follows : 

1. Insert the sheet to be hemmed all the way in the brake, 
lining up the brake line with the front edge of the upper 
jaw. 

2. Raise the lower leaf as far as it will go. (If the stop gage 
has been set, be sure that the yoke is set far enough toward 
the end of the rod to permit the leaf to travel the maximum 
distance.) 

3. Lower the leaf, release the clamping device, and remove 
the sheet from the brake. 

4. Close the left side of the brake, allowing the right side to 
remain open, 

5. Insert the left hem edge of the sheet into the brake, hold- 
ing the sheet with your left hand. Hold the sheet at an 
angle to the front edge of the brake. 

6. Lower the upper leaf with your right hand. This action 
will flatten that portion of the hem that is between the 
jaws. (The brake in this instance is used as a press.) 

7 . Raise the upper leaf and decrease the angle between the 
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front edge of the brake and the edge of the sheet. When 
you decrease this angle slightly, you will bring another 
small portion or “bite'^ of the hem under the jaws of the 
brake. , 

8. Continue lowering and raising the upper jaw, taking 
small bites of the hem until the entire hem is flattened . 

/ Don^t attempt to flatten the entire hem in one operation. 
When you are hemming metal that has a great deal of spring- 
back, it may be necessary for you to work down the hem. part 
way wdth a mallet before you finish it in the brake. 

You!! make the double hem in the same manner as ■ you’ 
made the single hem. For the lay-out of a double hem, see 
figure 239 , chapter 1 1 . Yflien flattening hems, exert just enough 
pressure 'with the clamping-device handle to press the metal 
together. On the heavier gages of metal it may be necessary 
to operate the clamping handle up and dovm several times on 
each bite in order to make the hem perfectly flat. 

In the preceding chapter you learned how to lay out a Pitts- 
burgh LOCK SEAM. See figure 244 for the layout of this seam. 
Youfll be using the cornice brake to form this seam. Make a 
layout for a Pittsburgh lock seam on a scrap sheet of metal and 
form it in the following manner (see figure 285) : 

1. Insert the sheet in the brake, making the first bend to 
just a little less than 90®. 

2. Remove the sheet. Insert the sheet, flanged edge dovm, 
all the way into the brake. Raise the lower leaf to make a 
maximum possible bend. 

3. Remove the sheet from the brake. Turn your sheet so 
that the side with the 90® angle is up and slide it into the 
brake until this angle is flush with the forward edge of the 
upper jaw. Raise the lower leaf through its maximum 
.arc., 

4. Raise the upper jaw and slide the sheet farther into the 
brake until the edge of the sheet is flush with the front 
edge of the upper jaw. 

At this point a strip of metal having the same gage as the 
metal you are forming, with a length equal to the length of the 
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PITTSBURGH 

LOCK 


Figure 285. — The Pittsburgh lock seam. 
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seam (small lengths of stripping may be used) and about an 
inch wide, is inserted in the recess which will form the pocket 
of the seam. 

5. Then close the left-hand clamping device. TJse an easy 
up-and-down motion with the right-hand clamping device 
to start pressing the folds of the seam together. 

6. After the flattening has been started in this manner, 
release the right-hand clamping pressure and complete the 
flattening procedure in the same manner as you did when 
you made the hems. Be sure that the ^fl^ites'’ you take 
are not too large. 

7. Turn the sheet over and line up the inner bent edge with 
the front edge of the upper jaw. Lower the upper jaw 
with the clamping handles. 

8 . The clamping pressure used in the preceding step will 
cause the formed edge of the seam to raise slightl 3 ^ To 
bring this section back in line, work it down with a 
wooden mallet. 

You have the most difficult portion of the Pittsburgh lock 
seam formed. The other portion (the part or flange that fits 
into the pocket) is merely the bending of a 90° angle having the 
proper flange width. To complete the seam, remove the strips 
from the pocket. Insert the flanged edge in the pocket, tapping 
it firmly in place with a mallet or hammer. Bend over the 
protruding edge with your mallet and the seam is finished. 

The Pittsburgh seam is very handy for use on jobs that you 
have to assemble on “location/’ awaj^ from the shop. The 
entire job can be formed in the shop and then assembled with 
a mallet. Jobs on which you’ll use this seam are square and 
rectangular ventilation ducts and elbows, and lockers. 

Your brake may or ma 3 ^not be equipped with molds, and 
unless you do fancy cornice work, you will rarely, if ever, use 
these molds. You secure these molds to the bottom leaf of the 
brake means of friction clamps. Figure 286 illustrates a 
job ready to be formed over a mold. 

Your brake is not an indispensable machine. Almost every 
job that 3 mu can do on it can be done by hand, but with the 
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brake you can do the job much better and a great deal faster. 
Keep the working parts well oiled and the jaws free of rust and 
dirt. If for any reason you have to do any hammering on a job 
while it’s in the brake, take care not to strike the forming edges 
of the jaws with a hard-faced hammer. If you must “beat” 
on the metal, use a wooden or rawhide mallet. Some of the 
types of bends and work that can be accomplished on the brake 
are illustrated in figure 287. 



SHARP AND ROUNDED BRAKES MOLD WORK PiTTSBURGH 

, LOCK, , , 

Figure 287. — Types of work done on a brake. 
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Akother type gp brake, known as a finger or universal 
BOX- AND PAN-BRAKE, (figure 288) is used to advantage in the 
construction of boxes and lockers. All the work done on 
a standard cornice brake can be done on the finger brake. 



Figure 288. — Box- and pan-brake. 


The upper jaw of this brake has removable fingers of 
varying widths instead of the solid-bar construction of the 



Figure 289. — Detail of finger. 
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upper leaf of the cornice brake. These steel fingers are secured 
to the upper leaf by means of a thumbscrew, and the fingers 
must be securely seated and the screw tightened dow before 
using the brake (figure 289). 

If you form a box on a cornice brake, youfil find that you will 
have to straighten a part of your bend on one side of the box 
in order to make the last bend. This is where the box and pan 
brake serves you to greater advantage. You just remove the 
fingers in those sections of the upper leaf that are in your way, 
leaving as much of the upper bar as is needed and make the 
final brake in the usual manner (figure 290) . 



Before you start any work on the box brake, be sure that all 
the adjustments are correctly made for the gage of metal you 
are going to form, and that all the fingers are properly set up. 
The fingers of your box and pan brake can be easily sprung if 
the machine is misused or improperly adjusted. Don't bend 
rod, wire, band iron, or spring-tempered sheets on either the 
cornice or the box and pan brake. 


You can form your cylindrical pipe sections and other curved 
shapes by hand over a pipe or mandrel, but the forming can 
be done with greater ease and uniformity of radius with the 
SLIP-ROLL FORMING MACHINE (figure 291). Rolling machines 

OPERATING HANDLE 

\ 

GROOVEST^"^ \- 
^KNURLED^ 
ADJUSTING SCREWS 

Figure 291. — Slip-rolt forming machine. 

are available in sizes varying from small, light-gage capacity 
hand-operated models to large power-operated models capable 
of forming cylinders of steel plates up to 3^-inch in thickness. 
These machines operate on the same basic principle. There 
are adjusting screws on each end of the machine which control 
the vertical space between the front rolls and the position of the 
rear roll. To form a cylindrical object the rolls must all be 
parallel to each other. The front rolls grip the metal and pull 
it into the machine. These rolls are geared to the operating 
handle and must be adjusted so that just enough pressure is 
exerted on the sheet to enable the machine to ^^grab” the 
metal. The rear roil is an idler and is adjusted up or down to 
form the desired radius. Select a piece of light-gage scrap sheet 
metal and form a small cylinder. Proceed as follows: 

1. Adjust the front rolls to ‘%rip” the sheet you are forming. 

2. Adjust the rear roll to a height (in relation to the lower 
front roll) that is obviously less than enough to form the 
desired radius of the cylinder being formed. 

3. Start the sheet into the roll. As soon as the front rolls 
have gripped the sheet, raise the free end slightly. 


HOUSING 



KNURLED 
ADJUSTING SCREWS BASE 
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STEP (A) INSERTING THE SHEET ^ 


STARTING THE CURVE 



Figure 292. — Forming a cylinder. 


4. Pass the entire sheet through the rolls, forming a partial 
curve of the cylinder. 

5. Set the rear roll higher to form a shorter radius. 

6. Turn the sheet, end for end, and pass it through the rolls. 

Continue turning the sheet end for end, adjusting the rear 
rolls, and passing the sheet through the roils until the desired 
radius is formed. To facilitate the removal of cylinders from 
the rolls, the top front roll has a releasing device by which you 
can release and raise one end of the roil to slip off the work. 
Practice and experience will enable you to adjust the rear roll 
for any desired radius. It is not good practice to form the 
cylinder in one pass, as the radius will not be uniform. You 
will have better results if you form the cylinder in two or more 
■passes. , 

When you have to form circles of wire or rod, youdi form 
them in the grooved portion of the rolls. You can also roll 
cylinders that have a wired edge using these same grooves to 
form the wired portion, (figure 293) . 


Figure 293. — (A) Roiling a conical shape (B) Rolling a wired edge. 


You can roll a conical shape either by setting the back roll 
at an angle, or by feeding the sheet into the machine in such a 
manner that the element lines of the cone will pass over the 
rear roll in a line parallel to the rolls (see figure 293(A)). This 
is accomplished by forcing the edge that will form the large 
diameter through the rolls at a faster rate than the edge forming 
the small diameter. 

Wiien you form a cylinder with a grooved lock seam, you will 
use a combination of several machines: the brake, slip-roll, a 
hand groover, and a hollow mandrel stake. Lay out a cylinder 
and make the allowance on each edge of the layout for a grooved 
seam (figure 243) . Then — 

1 . Insert the sheet in the brake and form the first bend of 
the lock. 

2. Turn the sheet end for end, and then turn the sheet over 
to form the bend for the other half of the lock (similar to 
the sheet in figure 294). 

3. Adjust the slip form rolls to form the cylinder you are to 
roll, and roll the cylinder to size. 

4. Hook the seam together and slip the cylinder over a hollow 
mandrel stake. 

5. Select a hand groover of the proper size. (You should use 
a groover that is about 1/16 inch wider than the seam.) 
Place the groover at one end of the seam and strike it 







COUNTERSUNK 
GROOVED SEAN 


GROOVED SEAM 


Figure 295. Completing the seam with a hand groover. 
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with a hammer. Repeat the operation at the other end of 
the seam.^'' ' 

6. Complete the seam by moving the hand groover along the 
length of the seam and striking the head of the groover 
with a hammer or mallet. 

7. Further lock the seam with prick punch indentations about 
}^-inch from the ends of the seam. 



Much of your work in forming sheet metal be done over 
anvils or stakes. You may not have all of the sheet metal 
stakes illustrated in figure 297, but you’ll probably have some 
of them. These stakes have a variety of shapes and are used to 
back up the metal when forming the many curves, angles, and 
seams in the forming process. The stakes are not delicate 
precision instruments and many of the ^ ^faces’’ are hardened 
steel; nevertheless, they demand proper care and use. Do not 
use them as backing when chiseling holes or notches in sheet 
metal. If you use them in this manner you will mar their 
surfaces. When not in use, they should be stowed in suitable 
racks. Experience and the job at hand will be your guides in 
the selection of the stake to help you form your metal. Some 
of your work will require the use of several stakes. The stake 
is held securely in a stake holder or stake plate (figure 297), 
which is anchored in the workbench. One of the tapered holes 
in the plate will fit the tapered shank of your stake. 

You will often have use for the hand dolly illustrated in 
figure 298. This tool is used to buck rivets, form seams, and 
to straighten wrinkles and kinks in the formed metal. Hand 
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Figure 297, — Sheet metai stakes and stake hoider. 


dollies have a variety of shapes and sizes, and in some cases 
you may have to make your own for a particular job. 

Remember the cone you laid out in figure; 262? If its dimen- 
sions were large you could probably form it in the slip-rolls; 
but if it were a small cone you’d have to form it over the apron 
of the blowhorn stake as illustrated in figures 299 and 300. 

1. Start the bend at each end of the piece by light blows 
with a mallet. 

2. Form the remaining portion of the cone with your hands, 
by working the sheet with a rolling, sliding motion over 
the stake. 
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Figure 298.— -Hand doily. 


Small, cylindneal shapes and small radii can be formed over 
the stakes (figure 300). When selecting a stake, remember that 
the radius of th§ stake must be slightly smaller than the radius 
of the object you are forming. Form the edges of the sheet in 
the manner you used on the cone (figure 299) and then finish 
the operation with your hands. If the material you are forming 
is of a gage heavier than you can readily work with your hands, 
you’ll have to form the piece over the stake, using a mallet to 
shape the sheet. 

Many of your jobs will require a bail (that’s the metal-trade’s 
name for a wire handle). You could make this bail, or handle, 
in a vise, but you can do the job a lot faster and better by using 
a creasing stake as illustrated in figure 301 . The bail is attached 
to small ears, or tabs, which are in turn secured to the bucket 
or container. To form the bail end— 



Figure 299. — Forming a cone on a blowhorn stake. 


1. Select the correct groove for the size of wire from which 
the bail is to be made. Extend the wire about K-inch 
over the edge of the stake and bend it down 45° by striking 
it on the end with a tinner’s hammer. 

2. Slide the wire the required distance and make a 90° bend. 
This distance will be determined by the size of the ear, or 
tab, you plan to use. 

3. Revolve the wire so that the bent end points up. Slip on 
the ear and, with inward blows, strike the end of the wire 
to form the loop around the ear (see figure 301) . 

4. Repeat the operation on the other end of the wire. You 
can form the curved portion of the bail by hand, or by 
rolling to the desired radius in the slip-roll machine. 
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Figure 300. — Forming over a stake by hand. 

Small pans are difficult to form completely in the cornice 
brake without doing a lot of extra mashing and beating on the 
metal. A much smoother job can be turned out by ^ffiraking” 
the longest sides in the brake and forming the ends over a 
square stake. The ends can also be formed as illustrated in 
figure 302. Cut a block of wood equal to the width of the pan 
you are forming, then — 

1. Clamp the metal and the block of wood to the workbench 
with a C-clamp. 

2. Bend the end up with your hands and finish the bend with 
a mallet. (The bend can be started in the brake if desired.) 

3. Repeat the procedure for the other end. 

Make use of the stakes you have available ever}^ chance you 
get. The more experience you have with them the more uses 
you will find for them. Some additionar suggested uses for 
stakes are illustrated in figure 303. 
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One of your many qualifications for Metalsmith is the forming 
of a copper ball float. This float is used on the fliishometer that 
regulates the flow of water into the water closet of some “heads.” 
The process used in making the ball or float is known as bump- 
ing or raising. Figure 304 illustrates the manner in which one- 
half of the float is raised. You can use either a block of hard- 
wood that has had a depression machined in it, or you can use 
a block of lead in which you have formed a depression with the 
bumping hammer. Whether you use a block of wood, a lead 
block, or a section of pipe having the desired diameter, the 
operation is about the same. 

1 . Select a piece of annealed copper and cut a circular blank 
large enough to make one-half of the float. 

2. Hold the blank in position over the raising block in your 
left hand. Start forming the radius by working around 
the outside edge of the blank with the bumping hammer 
(figure 304). 



Figure 304.- — Raising or bumping a copper ball. 

3. Rotate the blank slightly after each blow of the hammer. 

4. When you have made one complete revolution on the out- 
side edge of the blank, continue forming the radius by 
rotating the blank and working each complete rotation of 
bumps toward the center, until the desired radius is 
formed. It may be necessary to anneal the blank fre- 
quently before the final shape is attained. When your 
blank becomes difficult to work and has a “ring” to it, it 
is time to anneal the piece. 

Another method of raising is illustrated in figure 305. In 

this method you use a mallet and a coppersmith's round head 
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Figure 305. — Bumping over a stake. 


or ba.ll stake. Hold the blank at an angle on the stake. Work- 
ing from the outside edge, rotate the blank in a manner similar 
to the preceding method. Form the blank into shape by strik- 
ing with a wooden mallet. Final forming of the half-ball can 


WORKING THE BALL ROTATE SHEET AS 
OVER STEEL HEAD. METAL IS WORKED. 


PLANISHING 
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be accomplished by holding the section in both hands, bumping 
and smoothing the radius over the head of the stake. 

Be careful if you make a prick-punch mark on the blank when 
laying out the work. The metal may be stretched considerably 
in the forming process and the punch mark is apt to . develop ■ 
into a pinhole. 

The two halves of the ball are made so that the edges just 
lap together and the seam is completed by soldering or silver 
brazing. 

You’ll find that your bench vise is one of your most useful 
tools. You will bend scrap iron and short sections of metal in 
it. You will often use the vise to hold your metal firmly in 
place while you saw out sections with the hacksaw, or to chisel 
thin sections as illustrated in figure 306. When cutting out 
sections in this manner, be sure to hold the cutting edge of the 
chisel at an angle to the work. Don’t watch the head of the 



Figure 306. — Cutting light metal in a vise. 


chisel. Watch the cutting edge when you are striking the 
chisel with the hammer, caution: Be sure that the head of 
the chisel is not mushroomed (spread out) , or a piece may break 
off and fly with the speed of a bullet. Eyes have been knocked 
out because someone used a chisel with a mushroomed head. 


JOINING THE SEAMS 


Not all, but a large majority of your seams in sheet metal 
-vill be riveted. Rivets are available in a variety of sizes and 
heads. The tinner’s rivet is the type with which you will most 
often come in contact. It will vary in size from the 8-ounce to 
the 16-pound rivet. This designation is the weight of 1,000 
rivets (1,000 of the smallest size weighs 8 ounces). As the 
weight per 1,000 rivets increases, the diameter and length of the 
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Figure 307. — -Tinner’s rivets. 


rivet increase. The 8-ounce rivet has a diameter of 0.089 inch 
and is 5/32 inch long, and the 12-pound rivet has a diameter of 
0.259 inch and is ^ inch long. For special jobs that require 
fastening several thicknesses of metal together you’ll use a 
rivet that has an extra long shank but the same diameter as 
the rivet you would normally use. Select the proper rivet-size 
for the gage of metal you intend to fasten. The following table 
will be of help in selecting the proper rivet : 


TABLE I 


GAGE OF METAL 

SIZE OF RIVET 

GAGE OP METAL 

SIZE OF RIVET 

26 

1 ib. 

20 

3 Ib. 

22 

2 lb. 

18 

3| lb. 

42 

2| ib. 

16 

. ■ 4 lb. , 
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You will determine the rivet spacing from the drawing or 
blueprint. If the spacing is not indicated, the type of seam will 
indicate whether the rivets should be spaced close together or 
far apart. A job that has to be watertight will have many more 
rivets per inch than a job that does not. Whether the spacing 
is close or far apart, be sure that you allow a distance two-and-a- 
half times the diameter of the rivet from the edge of the sheet 
when locating the center line for the rivet hole. 

When you have determined the rivet size and marked the 
location of the centers for the rivet holes, your next step is to 
pierce the holes. You can do this either by drilling or by 
punching. If the location of your holes is near the edge of the 
sheet, the hand punch illustrated in figure 308 will serve you to 
good advantage. Rivets are not always located near the edge 
of the sheet, and if they are notyoufil have to pierce the holes 
with another tool . You may have a power-operated or manually 
operated hand punch that has a deep enough throat to do the 
job. But if you haven’t, you can always drill the hole with a 
breast drill. Whether you pierce the hole with a drill or punch, 
remember that you have to make the hole a little larger than the 
diameter of the rivet. (This is known as clearance.) 

There are a number of hand punches manufactured, and 
construction of the individual punch you have may be different 
from the one illustrated in figure 308. These punches are handy 
tools around the sheet metal shop. The punches and dies have 
a range of sizes and are easily changed. Be sure that you do not 
get the punches and dies mixed up. Don’t change the punch 
size without changing the die. Make sure the punch and die 
are mates. If you force a punch into a smaller-sized die you’ll 
break one, if not both, of the parts. Keep the tool well lubri- 
cated to insure ease of working. 

The punch usually has a gage attached to it as shown in 
figure 308. The gage consists of a guide mark and an adjustable 
scale. The scale graduation opposite the guide mark indicates 
the depth of the throat in inches; that is, how far from the edge 
of the sheet metal the center of the hole will be punched when 
the end of the scale is against the edge of the sheet . 

The gage is not often used, however, because generally you’ll 
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Figure 308, — The hand punch. 



first} use a center punch to mark the position of the hole to be 
punched in the sheet metal. You can easily ^ 'feel” this punch 
mark with the centering point on the hand punch. Figure 308 
illustrates the hand punch in use. Don^t use the punch beyond 
its rated capacity. 

Youdt have a lot of use for your breast drill even if you have 
an assortment of electric and air-driven power drills available. 
There'll be times when you have only a few holes to drill on a 
job away from the shop. Bather than run a long power lead to 
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the Job y it will save you time and trouble to carry the breast 
drill, illustrated in figure 309, right to the job. The drill chuck 
is adjustable to receive and hold straight shank drill bits from 
1/64 to M inch in diameter. You Just select the bit of the 
proper sisie, secure it in the chuck, place the point of the drill 
bit in the center punch mark, and turn the handle. Be sure to 
keep the drill at right angles to the metal. 



You’ll use a rivet set to draw the metal parts together and 
HEAD the rivet. Select two pieces of scrap sheet metal. From 
the table, determine the correct rivet for the gage of metal you 
have at hand. Lay out and punch the holes, remembering 
that the holes must be slightly larger than the diameter of the 
rivet. Then — 

1. Select a rivet set having a hole slightly larger than the 
rivet diameter. 

2. Insert the rivets in the holes and rest the sheets to be 
joined on a stake or solid bench top with tiie rivet heads 
against the stake or bench top. 

3. Draw the sheets together by placing the deep hole of the 
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rivet set over the rivet and striking the head of the set 
with a riveting hammer. Use a light-weight riveting 
hammer for small rivets and progressively heavier ham- 
mers for heavier rivets (figure 310). 


Figure 310. — Drawing, upsetting, and heading rivets. 


4. When the sheets are properly drawn together, remove the 
set and strike the end of the rivet a blow with the riveting 
hammer to upset the end of the rivet. Don't strike too 
hard a blow, as it will distort the metal around the hole 
(figure 310) . 

5. Place the dished portion (the heading die) of the rivet set 
over the rivet and form the head. One or two blows struck 
on the head of the set with the hammer is sufficient to 
form the head (figure 310). 

A correctly drawn, upset, and headed rivet is illustrated in 
figure 311. Avoid the troubles illustrated in the lower half of 
the illustration. 

Remember that it is not necessary to use all the force within 
your power to do a good sheet-metal riveting job. Just strike 
hard enough to do the job. When you are riveting a job as 
illustrated in figure 311, the Chucking” has to be done with a 
hand doily. If you are on the heading side of the job, striking 
blows with too much force will needlessly jar your /hucker.'' 
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CORRECT RIVETING 


1. DRAWN 2. UPSET 3. HEADED 

TROUBLES 

HEAD 


f. RIVET NOT DRAWN 2. SHEETS NOT DRAWN 

Figure 311. — Correct and incorrect riveting. 

Besides that, it will distort and mark the metal, spoiling the 
appearance if not the strength of the seam. 





Figure 312, — Bucking rivets with a hand dolly. 

Look at your rivet set. Notice the hole thaf goes thr-^' ' "-he 
fiat side? On very thin sheets you can set the rivet at the 
desired location, back it up securely, and force the rivet through 
the metal by placing this hole over the rivet pn the opposite 
side of the metal .^nd striking the set with the ri\ . hammer. 
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' sure that the burl: hole in the rivet set is directly over the 
rivet or you^ll not force the rivet through without undue dis- 
tortion of the metal and damage to the head of the rivet. Don't 
try this method with the heavier-gage metal. 

aen you have a seam to rivet on a cylindrical structure, 
can use the hollow mandrel stake or other suitable bar as 
icking to buck your rivets. On these seams, insert rivets in 
end holes, slip the piece over the stake and — 

1. With the rivet set, draw the seam together. 

2. Strike the rivets with the riveting hammer to upset the 
rivets enough to hold the structure together. 

3. Insert the center rivet. Draw, upset, and head this rivet. 



Figure 313. — Riveting a cylindrical section. 

4. Complete the seam by riveting from the center to the one 
end and then to the other end completely drawing, up- 
setting, and heading each rivet as you work along the 
seam. If you have a little trouble lining up the holes to 
receive the rivet, you can ''fair" them up with a small 
drift ^ jt your scriber. 
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EDGING SHEET METAL SHAPES 

Wired edges are often used to form the edges of trays, air 
supply terminals, buckets, cans, and funnels. These edges 
are made by wrapping the metal edge around a wire (see figure 
314). For thin metal, the allowance for a wire edge is two-and- 
a-half times the diameter of the wire. It is-slightly more for 



heavy gages. These edges are strong and smooth when properly 
made. The metal should always fit tightly around and cover 
the wire completely. The wired edges may be finished with 
wire rolls if you have them available (see figure 321), or with 
the setting hammer. 

An edge for wiring may be turned with the turning rolls or 
the brake. You can wire the edge of a cylinder before th,; 
cylinder is rolled to shape. After the edge is turned, it is form 
around the wire as shown in figure 315. The pliers are used to 
hold the wire tight against the metal and to protect your hands. 

When you are wiring the edge of a rectangular box or tra^ , 
you can form the wire in a vise and then form the turned edge 
over the wire with a mallet or with the wiring rolls. F‘ 
illustrates this procedure. 

If you’re working in a large shop you’ll have yo\: 
rotary machine for burring, turning, wiring, beading, setting' 
down, grooving, and crimping. Smaller shops w^^^ " ‘ ' 
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combination variety 

ho!H fri I ^ combination rotary 

head, with burring rolls mounted, is pictured in figure 317^ 

his rotary head will take sets of rolls for burring, turning 
wring, ^d elbow edging. The rolls are secured to the shafts 
by round nuts which screw flush with the outside of the rolls 
A sLcfs^ surprised if some of these nuts have left-hand threads. 

« A ^Pecial face-pin spanner wrench is used on these nuts. 

.1 The^ burring rolls are used to turn an edge at right anries to 

burrs (narrow flanges) for seams or\ems. OrZtiir 

and one for wide burrs. A typical use is for burring the disks 
T+ + bottoms of some buckets and tanks. 

^^jt takes a little patience and some practice to turn out a per- 

*be one the workman in figure 318 is crankino- out 
.mw you do it: , “ 

Mjust and aline the rolls so that the inside edge of the 
top roll fits over the shoulder of the bottom roll . Make the 
- ''-’-.nee equal to the thickness of the metal. This is 



important — ^less clearance will cause the top roll to act 
as a shear and damage your stock. 

2. Set the gage to turn up the proper amount of metal. This 
is usually from to 

3. Place the disk as shown in figure 3 18A and move the top 
roil down until it grips the stock and creases it slightly. 

4. Crank the handle. Keep the edge of the disk tight against 
the gage . Allow the disk to revolve as you crank . 

The first revolution should be fairly slow so you can 
get the burr accurately established. After the first revolu- 
tion of the disk, disregard the gage and follow the crease, 
increasing the top roll pressure and turning as before. 
Raise the disk slightly after each revolution. After the 
first round you can crank faster and faster — especially 



Figure 318. — Burring a disk. 
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when you’ve burred several disks and begun to get the 

hang of it. 

The turning rolls are used to form rounded flanges— similar 
to burred edges but having radii. These rolls are used to form 
edges for wiring. Several sets of rolls like those in figure 319 
are usually provided. 




GAGE 


CENTERED 



^VWIDTH 

^== / “Hfl OF 

JJ-| ' ' EDGE 

^ ALINEMENT I 

[_ OF ROLLS 

Figure 319. — Turning rolls. 

The turning machine does a good job if you keep the rolls 
aimed, set the gage properly, and hold the edge of your metal 
firmly against the gage during the first revolution. 

Elbow edging rolls are similar to turning rolls but have V- 
pooves in the lower rolls and matching upper rolls. Figure 320 
illustrates one piece of an elbow being edged. Notice that one 




edge IS turned in and the other turned out. The various pieces 
of the elbow are assembled together by interlocking the edges. 

Wiring rolls are used to form or shape the metal around a 
wire . The edge of the metal is first turned on the brake or rotary 
turning rolls. The job is completed with the wiring rolls. Parts 
B and C of figure 321 show these two steps. Wiring rolls may 
be used on either straight or curved edges. 


Figure 321. — Wiring an edge. 

Setting-down machines are used to close single seams. They 
are separate one-job machines; that is, they can be used only 



for setting down or closing seams. Their beveled jaws grip the 

seam and mash it down to make it tight and smooth. 

Beading may be done in an emergency with the turning rolls 
of the combination rotary machine discussed above . The deep- 
throat beading machine, however, is especially designed for 
beading. One is shown in figure 323. Several types of beading 
rolls may be used with this machine. 



You will need to take several revolutions to form a bead, 
thus avoiding severe stresses and possible cracks. Start beading 
next to the seam and stop just before the seam is reached. 
jNever allow a seam to pass through the rolls. If the 
thick seam goes through the rolls, it will spring the machine and 
weaken the seam. 

Cdmping machines (figure 321) are used to shrink (by corru- 
gation) the ends of metal cylinders so they can be fitted, as 
stovepipes are, into other cylinders of the same diameter, 
borne of the crimping machines also carry beading rolls next to 
fte crimping rolls, as showm in the lower drawing in figure 324. 
The bead reinforces the cylinder and prevents it from slipping 
too far into the other cylinder. 
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Figure 324. — Crimping machine — combination crimping and beading rolls. 


For jobs with riveted or grooved seams, start the crimp near 
the seam and run it around until it just comes back to the seam. 
Never crimp over a seam — it will damage the rolls and spring 
the shafts. Keep the edge of the cylinder against the gage 
and youll get a neat job. 

Always double-check your machine setup by doing a practice 
Job on a piece of scr^ stock of the same material that you are 



Figure 325. — Results of incorrect beading. 
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BODY 


BODY 


USE BURRING ROLLS 


using lor im joty, I’his wili save you of time and trouble 
and save Uncle Sam a lot of sheet metal. 

Take it easy when you form galvanized sheets. If youVe 
too rough with this material, the zinc coating will flake and 
chip off, leaving the bare base metal an easy mark for corrosion.* 
Figure 325 illustrates the result of incorrect beading. 

Plain double seams are the kind often used on the bottoms 
of cylindrical containers — buckets, cans, trays, and boxes. 
These seams are also used in the construction of air ducts, 
figure 326 shows a double seam in four stages of construction. 
Ihe clearance indicated by the arrow in step three is important. 
It should be slightly greater than the metal thickness. If you 
don’t have enough clearance the seam will be forced apart and 
the wall of the object will be forced out of shape. 


Burred disks, known as snap bottoms, are used for the 
bottoms of cylindrical and conical containers. The necessary 


^«gure 327 — Preparation for the double seam. 


CLEARANCE 
I T. 

(ONE THICKNESS) 


BOTTOM'^ 

Figure 326. — The double seam. 
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machine preparation for a disk and cylinder is shown in figure 
327. 

After the cylinder and bottom are snapped together, the 
burred edge of the bottom is turned over the burred edge of the 
cylinder (figure 328) and %et down’’ with the setting-down 
machine B. After the seam is smoothed and flattened, it may 
be partially closed by turning it upward toward the top of the 
cylinder over a stake C and finished by pounding the seam over 
with a mallet £) and E. The seam is then smoothed and 
straightened. 





On some jobs the insert double seam (figure 329) is used in- 
stead of the plain seam. You can see why it's better for con- 
tainers such as buckets and tanks. One big advantage of this 
seam is that it can be used on long cylinders. The seam can be 
formed from the outside by putting only the end of the cylinder 
over the stake. 
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Figure 329. — Insert double seam. 

When you have a bit of spare time, familiarize yourself with 
the stakes, tools, and rotary machines that you have in your 
shop. Use scrap bits of metal and practice turning edges and 
burrs for wiring and seaming. If you don’t have the machines 
illustrated, you’ll have to figure out a new method of doing the 
job with the tools you have available. Your own ingenuity 
and inventiveness will be the only limit to the scope of work 
you can perform wdth a hammer, chisel, screw driver, and a 
few other odds and ends floating around the shop. 

As the Metalsmith of a small ship, most of your work will 
be in the nature of patching and upkeep. Here again your 
resourcefulness and ingenuity will pay you big dividends. You 
may have to replace a flange or a section of ventilation line; 
you may have to patch a tank or garbage pail; you may have to 
make an ash tray. Some of your patching will be done by 
welding, soldering, or riveting. On other jobs you may not be 
able to use any of these methods because of the particular cir- 
cumstances. In that case you may use sheet metal screw^s or 
machine screw^s to secure the structure or patch in position. 
Review your basic course. Use of TooUj NavPers 10623, for a 
description of sheet metal and machine screws. 

BUILD A LOCKER 

Not long after you have become a striker in the metal shop 
you’ll w^ant to try your skill on a job for yourself. Maybe you’ll 
want to build a tool box to stow the hand tools you have begun 
to accumulate. Ox perhaps you have located a vacant spot in 
the shop to install a small personal locker. (There won’t be 
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much unused space on ships that have been in commission for a 
while.) If your division officer or CPO gives you permission 
and allots you the metal, you^ll have to build the locker or tool 
box yourself on your own time after working hours. 

Assuming that you have found a vacant spot, and have ob- 
tained permission to install a locker in that spot, the next 
thing for you to do is to plan your work. Youll have to ascer- 
tain, by measurement, the over-all dimensions of the locker— 
the outside dimensions. These measurements will determine 
the size of your layout. Eemember that you will have to make 
allowances for the thickness of your metal. After you have 
determined the size of your locker and the thickness of the 
metal you’ll use, think about and plan these points: 

1 . Method of seaming. — Welded? Riveted? Double seamed or 
Pittsburgh lock seamed? 

2. Type of door . — Are you going to hang a piece of 1 /8-inch 
sheet metal on the front of your locker, or are you going 
to lay out a flush-type door? You’ll want the flush door 
on your locker and you’ll have to plan the layout to match 
the door. 

3. Hardware.— Hidden or exposed hinges? Barrel bolt, hasp 
and staple, or cabinet locks? 

4. Shelves.— Ho\y many and where? 

5. Notches . — Are they necessary? 

Figure 330 is a sketch of a locker that has one riveted shelf. 
The locker is assembled with Pittsburgh lock seams and rivets. 
The door is set into the front of the locker to make a flush front, 
and is swung on exposed hinges. The securing device is a hasp 
and staple. 

After you have laid out and constructed a number of lockers, 
you will probably begin by squaring up your sheet and then 
start laying out directly from the lower edge of your metal. If 
you can start out that way without getting lost, hop to it. 
Otherwise, it may be a good idea for you to lay out the main 
body of the locker and then add to it for your seams and door 
jamb. You know how to make your layout for the Pittsburgh 
seam and a riveted seam. You have two of these seams to lay 
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Figure 330. — Sketch of a locker. 

out, one to seam the main body of the locke 
seam the back. If you are not sure of tf 
riveted seam layout, check the sections cove 
in the preceding chapter. 

The layout for the door Jamb will be d 
following factors: 

1. Ihe size of the door you want in relatioi 
locker. The difference will control A in 

2. The thickness of the door. This will c 
sions of B. 

3. The width of the stop C (3/8 to H inch 

4. The aUowance for the single hem D wi 
than the width of the stop. 


is sufficient) 


1 

j TOP 

J 

SIDE h 






The next step is the layout for notches. For the Pittsburgh 
seam the notches are square, as indicated. The notches of the 
door jamb are a combination of notches. A is laid out at 45® 
at the base line, B at 90®, C at 45®, and Z) at 90® to the base line. 

Now lay out your rivet holes. One set will be for the seam and 
the other to fasten the shelf. The sketch indicates only one 
shelf, but you can put in as many as you like. Be very careful 
when you lay out these punch marks for rivet locations so that 
the holes will be alined when you begin assembling. 

Lay out the back and the shelf or shelves, marking and 
spacing the rivet holes in the same way you did on the main 
body of the locker. Be sure to lay out a stiffening flange on the 
front of your shelf so that it can support the weight you put on it. 

Trim the waste material from the layout. Make the cuts for 
notches and punch or drill the rivet holes. Remember that the 
holes must be slightly larger than the diameter of the rivet. 

You laid out a door jamb on your locker for a door of a particu- 
lar size. You planned your door to have not only a certain 
length and width, but a specific depth as well. Now lay out 
your door. Remember that all of the layout lines will be on 
the inner side of the sheet when it is folded up. This will cause 
the door to ^^grow” slightly larger than the dimensions you lay 
out. This means that you will have to make allowances for this 
growing so that the door will fit into the jamb. Remember, 
too, that the door isn’t supposed to be a “drive fit,” but must 
have clearance to swing open freely. Perhaps at this stage it 
may seem to you that the locker could be more easily con- 
structed if you made the door and then built the locker around 
it. Even if you did this, you would still have the problem of 
allowances. The allowance for the growth will vary with the 
metal. Twice the thickness of the metal in this case should 
take care of the problem. Experience will be your best teacher, 
don’t be too alarmed if the first door doesn’t fit. It has hap- 
pened to the best of them. When this happens to you, think 
about your layout and determine why it doesn’t fit so that you 
mid the mistake on your next job. 

In the sketch of the door layout, A is the thickness of the 
door, B the width of the flange, and C a single hem. After you 
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have laid out, trimmed, and notched your door, you are ready 
to form your locker to shape. 

it doesn’t make any difference which section of the locker 
you form first. The back has four 90® bends to form the 
flanges of the Pittsburgh seam. On the shelf, form the hem 
first, then the stiffening flange. The direction in which you 
bend the tabs for riveting the shelf in place will be determined 
by whether you want the flange to be turned up or down. 

Form the pocket for the Pittsburgh seam on the main body 
of the locker and then form the jamb on the other portion of the 
sheet. When you bend the jamb follow this procedure: 

1. Transfer the break lines of the jamb indicated by x on the 
sketch to the reverse side of the sheet. 

2. Insert the sheet all the way in the brake, reverse side up 
and layout lines down. 

3. Completely form the single hem. 

4. Remove the sheet from the brake and invert it, layout 
lines up. Reinsert the sheet in the brake and form the 
flange for the stop C. 

5. Remove the sheet again. This time, with the layout lines 
down, insert the sheet in the brake and form the depth of 
the jamb, R. 

6. Slide the sheet out to the next brake line and form A. 

When you have the Pittsburgh seam and the door jamb 

formed, break up the sides, top, and bottom of your locker by 
starting with the sheet all the way in the brake. Form the tab 
for riveting first, then slide the sheet out to the next brake line 
to form the bottom. Form the side, top, and second side in the 
same manner. 

Form the door by making the single hem all the way around 
C, Then form flanges B and A on each section of the door. 

Assemble your locker by riveting the side seam and putting 
in the back with the Pittsburgh seam. After all your seaming 
is finished and you have your shelves installed, the next thing 
to do is to braze the jamb miters at the front of your locker. 
Why braze rather than weld? There are several good reasons. 
First, the heat necessary for brazing is not as great as that needed 
for welding. Therefore, there is less warpage in the process, 
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and the protective coating of zinc on galvanized sheets is not 
eompletely burned off, exposing bare metal. Second, the bronze 
filler metal used in the brazing process flows over the edges 
adjacent to the joint, and gives the joint more resistance to 
rust and corrosion. In the welded joint the filler metal, as well 
as the metal adjacent to the seam, is exposed to the atmosphere 
unless it is protected with paint. You^ll no doubt often see these 
miters welded, but it is not recommended as the best method. 

Braze the corners of the door in the same manner you used 
on the miter jambs. File or sand off the excess bead, and fit the 
door in the jamb. The door should be slightly loose (have 
clearance all around). Insert thin strips of metal on all four 
sides of the door between the door and the jamb. This is done 
to insure that the door has equal clearance and to keep it from 
binding after the hinges are located and secured to the locker 
and door. Secure these hardware fittings on the locker with 
either rivets or machine screws. Your locker is ready for 
installation. You can hang it from hangers, or set it on a shelf 
bracket. 

Unfortunately, all of the lockers that you may be called upon 
to construct will not be as simple as the one illustrated in 
figure 330. For example, lockers on submarines must fit the 
various curvatures of the hull, and consideration must be given 
to the manner in which you are going to get the locker down the 
hatch and into the sub. You’ll need all the ingenuity at your 
command to master some of these problems. Think about and 
plan your job. Consider the problems from every angle before 
you break out your layout tools and start your layout. It’s a 
bit embarrassing to build something and then find that it 
doesn’t fit. 

QUIZ 

Select the one best answer to each of the following statenaents. 

1, The weight of a piece of steel plate 3/16-inch x 12 inches x 24 inches 
is approximately— 

(a) 2 pounds. 

(b) 5 pounds. 

(c) 73 ^ pounds. 

(d) 15 pounds. 
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2. The weight, in pounds per square foot, of a piece of 24 gage galvanized 
■ ironls — 

(а) 0.0239. '■ 

(б) 1.156. 

(c) 6.5. . 

(rf) 10.0. 

3. Inside circles in sheet metal should be cut with a — 

(a) Combination shear, 

(5) Squaring shear. 

(c) Hawksbill, 

(d) Bench shear. 

4. The capacity for cutting alloy steel on a mild steel squaring shear 
will be — 

(a) 50% of the maximum capacity. 

(6) The same as for mild steel. 

(c) The maximum capacity minus 25%. 

(d) The alloy steel thickness minus j^-inch. 

5. Devices for clamping sheet metal in place on a squaring shear are 
known as — 

(a) Clamps 

(b) Hold-downs. 

(c) Guides. 

(d) Squares. 

6. The power squaring shear is designed to cut — 

(а) Square stock. 

(б) Round stock. 

(c) Bar stock. 

(d) Sheet stock. 

7. A power-driven hand tool used for curves, notches and straight line 
cuts on light sheet metal is. the — 

(a) Unishear. 

(b) Power squaring shear, 

(c) Bench shear. 

(d) Throatless shear. 

8. If a ring and circle machine is not available, an inside circle in heavy 
gage sheet metal may be made with a— 

(a) Grinder and buffer. 

(b) Combination snips. 

(c) Drill and hie. 

(d) Manually operated squaring shear. 


9. Hand bends are accomplished with a-~ 

(а) Pan brake 

(б) Cornice. 

(c) Mallet. 

(d) Doily. ^ ^ 

10. A machine which is used to make uniform bends in sheet metal is 
■..called a — 

(а) Cornice brake. 

(б) Stake. 

(c) Jig. 

(d) Bender. 

11. A machine bend with a slight radius is obtained by — 

(а) Inserting a bending radius. 

(б) A partial machine bend and finished by hand. 

(c) Reversing the upper machine blade. 

(d) Setting for heavy gage and bending a lighter gage . 

12. The allowance for a sharp machine bend is equal to the — 

(a) Metal thickness plus springback allowance. 

(5) Exact thickness of the metal. 

(c) Metal thickness plus or minus 1 /64-inch. 

(d) Metal thickness plus outside radius elongation. 

13. Spring-back allowance for machine bending hard and springy metal 
is compensated for by— 

(a) Raising lower bending leaf a few degrees more than for softmetal. 

(b) Adding the difference between the inside and outside bend radii 
to metal thickness. 

(c) Annealing the metal before bending. 

(d) Increasing machine pressure 

14. The operation of making duplicate machine bends may be facilitated 
by using a — 

(a) Stake. 

(5) Dolly. 

(c) “Finger’'. 

(d) Stop gage. 

15. An advantage of the Pittsburgh lock seam is that after forming in 
the shop, it may be assembled anywhere with a — 

(a) Hand brake. 

(6) Mallet. 

(c) Dolly. 

(d) Miter box. 
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16. A machine in which parts of the upper leaf may be removed for 

forming boxes is called a-— veu lor 

(a) Cornice brake. 

(b) Mold 

W "Tinger” brake. 

(d) Bio whom stake. 

17. In forming a cylinder on a slip-roll forming machine the desired radius 

IS obtained by adjusting the— » ieuraaius 

(a) Top front roll. 

(b) Lower front roll. 

(c) Three rolls. 

(d) Rear roll. 

Jtte- on aslip-roll machine by angular setting 

(а) Rear roll. 

(б) Top front and rear roll. 

(c) Two front rolls. 

(d) Base. 

19. To complete a grooved seam on a cylinder, one would use a— 

(a) Beakhorn stake. 

(b) Block of wood. 

(c) Hand groover, 

(d) “Finger” brake. 

20. When selecting a stake, the radius of the stake in relation to the 
object being formed should be-— 

(а) Slightly larger. 

(б) Slightly smaller. 

(c) The same size. 

(d) One-half as large. 

21 . The preferred tool to form a bail would be a — 

(a) Pair of pliers. 

{b) Needle case stake. 

(c) Vise. 

(d) Creasing stake. 

22. metal forming process used in making a copper ball or float is 

known as — 

(а) Mushrooming. 

(б) Braking. 

(c) Bumping. 

(d) Drawing. 



23. When cutting metal with a chisel, keep^y^ 

(a) GhiseFs cutting edge, 

(5) Chisel head. 

(c) Line of cut just ahead of the chisel. 

(d) Hammer head. 

24. The size designation of a tinner^s rivet is based on the — 

(o) Number per pound. 

(b) Rivet’s diameter. 

(c) Weight per thousand. 

(d) Length and diameter of the rivet. 

25. When two pieces of metal are set-up close together with a rivet set, 
the term used is — 

(a) Bucking. 

(6) Drawing. 

(c) Heading. 

(d) Upsetting. 

26. The process in which a machine turns an edge at right angles to form 
narrow flanges for seams or hems is called — 

(a) Burring. 

(b) Beading. 

(c) Crimping. 

(d) Turning. 

27. The process where rounded flanges (edges having radii) are formed 
is called — 

(а) Burring. 

(б) Beading. 

(c) Turning. 

(d) Wiring. 

28. The elbow-edging rolls produce a — 

(a) V-groove. 

(b) Bead. 

(c) Half crimp. 

(d) Flange. 

29. The mashing down of a single seam to make it tight and smooth is 
called — 

(a) Drawing. 

(5) Crimping. 

(c) Setting-down. 

(d) Upsetting. 
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The process of shrinking the end of a metal cylinder so that it can be 
fitted into another cylinder of the same diameter is called — 

(a) Drawing. 

(b) Crimping. 

(c) Setting-down. 

(d) Grooving. 

31. When using any edging machine with rolls, the seam — 

(a) May go through the rolls with reduced pressure. 

(5) Should not be formed until after edging. 

(c) May go through rolls with negligible damage. 

(d) Should not go through the rolls. 

32. The clearance necessary in making a plain double seam should be 
equal to — 

(a) One times the metal thickness, plus or minus 1/64-inch. 

(5) Slightly more than the metal thickness. 

(c) Two times the metal thickness. 

(d) Slightly greater than seam thickness. 
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CHAPTER 13 

BLACKSMITH WORK AND FORGING 

YOU’RE ALSO A BLACKSMITH 

It^s a long way from the village smithy to the blacksmith 
shop in the hold of a modern warship, but the forging pro- 
cedures in both shops remain about the same. Your job as 
Metalsmith requires on occasion that you know simple forging 
procedures. One of the best ways to learn is by helping an 
experienced woiimian. Observe how he handles the forging 
fire, heats the metal, hammers it into shape, and heat-treats 
it. 

Forging is the name usually applied to a method of working 
and shaping metals while they are hot enough to be plastic. 
Another name for forging is hot- working. The forging process, 
when properly carried out, does not damage the metal; in fact, 
it actually improves its properties. The grain structure of 
steel is refined by forging— the large grains of the metal are 
broken up to form a strong, fine-grain structure. 

While many different metals may be successfully shaped by 
forging, most of your work will be with fereous metals— 
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wrought iron; low-, medium-, and high-carbon steels; and 
special tool and alloy steels. 

Wrought iron is forged into chain links, hooks, and other 
small fittings. It is readily forged and has good properties of 
shock and corrosion-resistance. Wrought iron is seldom cold- 
worked. It cannot be hardened by heat-treatment. Due to 
the development of alloy steels and gas and arc welding, wrought 
iron is not used as much by the Navy as formerly. That’s one 
reason the old Navy rating of Blacksmith has been abol- 
ished. 

Steel forgings are used extensively in the manufacture of 
ship fittings, machinery, and other shipboard gear. Most of 
YOUR forging will be the making of small parts and fittings and 
shop tools, jigs, and gages. For such work you’ll use low- 
carbon steel — steel containing about 0.25 per cent of carbon. 
Ordinarily you won’t have the heavy, expensive, and elaborate 
equipment necessary for forging large pieces. The first step in 
successful forging is the selection of proper material of correct 
dimensions. 

SELECTING STOCK 

To select stock of the correct dimensions, you must first 
decide how the part is to be forged. One method is to select 
stock a little larger than the largest dimensions of the part to 
be forged and obtain the smaller size by working it down on the 
anvil. The opposite method is to choose stock about the size 
of the smaller dimension. You can then increase its cross-sec- 
tional diameter to the required size by using the hammer and 
anvil. These processes, known as drawing and upsetting, are 
forging procedures discussed later in this chapter. 

In either case, it is good practice to estimate the cubic con- 
tent of the finished product. Choose stock sufficiently large to 
give the cubic content, allowing ample for squaring up the end 
and for scaling. The loss due to scaling will vary with the 
number of reheatings and with the atmosphere and temperature 
of heating. 


FORGING TEMPERATURES^^^^^^^^^ 

Steel is forged at temperatures that are well above the critical 
range but also well below the melting point. You may not have 
temperature-measuring equipment, so learn to judge tempera- 
tures by the colors of the hot iron or steel. ^ Use figure 44 as 
a guide . 

For good forging, the metal must be heated uniformly. All 
parts should be the same temperature all the way through. 
Too rapid heating will cause uneven expansion of the metal, 
thus starting cracks. This is especially dangerous in high- 
carbon and high-alloy steels. Forging temperatures too high 
for the amount of work to be done will cause large grains in the 
finished forging. If the forging is heated excessively (that is, 
to the melting range) there will be voids (holes) and oxide 
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(scale) inclusions in the final product. This is commonly called 
burning. Oxide forms as a crust on metal which is heated 
excessively and may be overlapped by the metal, forming a 
weak spot. Continuing the forging at temperatures too low 
will leave the steel in a highly stressed state. This should be 
avoided as it will result in a short life for the finished product. 
But if it does happen, you should apply some form of heah 
treatment. 

Now take a look at figure 331. Notice that when your heated 
steel reached a lemon color at about 1800° F. it can be forged. 
For pieces requiring more forging, heat to higher temperatures. 
You can continue forging until the color changes to a cherry 
or full red at somewhere between 1300° F. and 1400° F. The 
final forging blows are struck at this point and are continued 
until the full red color begins to change to a dark cherry red at 
about 1350° F. If the forging is not continued to the lower 
temperature, the structure of the steel will be weakened and 
the grains will ^^grow” to larger size because of the heat retained 
in the stock. 

Wrought iron may be forged at the temperatures indicated 
for steel which contains less than 0.1 per cent carbon. 

HEATING METHODS 

If you do much forging, you will use an oil-burning forge. 
One of these, of the type used on some cruisers, is shown in 
figure 332. 

The AIR and oil supplies of this forge are controlled with 
hand valves. To light off the forge, always open the air valve 
first to give the burner a little air. Then apply a light, prefer- 
ably a piece of lighted waste. When you have the light in 
place, crack the oil valve and continue opening it until it catches 
and you have the flame burning. 

After a few minutes, turn on more air. The flame will turn 
into a roaring blast of heat that is almost colorless. The best 
flame for an oil-burning forge is one that is clear and smoke- 
less. A lot of black smoke means that you are using too 
much oil. 
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Figure 332. — Oil-burning forge. 


When you secure the burner, always turn off the oil first. 
Then turn off the air. 

Heat-treating furnaces are sometimes used to heat metal 
for forging (see figure 54). These furnaces are somewhat 
slower than the oil-burning forge. Also, all of the piece to be 
forged must be heated, which may be a disadvantage. When 
using a forge, you heat only the area which is to be forged. 
You will not be apt to find these furnaces on small ships, but 
it is not uncommon to find one of the type pictured in figure 54 
aboard repair ships or on shore stations where the type of work 
requires them. 

On the smaller ships the methods for emergency forging 
jobs must be improvised. You can heat pieces of metal for 
forging with your oxyactylene welding torch by playing the 
flame over the metal that is to be forged until it is uniformly 
heated. A pair of gasoline torches may also be used for heating 
small jobs. Also, on some of the smaller ships you may find 
the small hand-operated forge similar to the one shown in 
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Figure 333. — Hand-operated portable forge. 

figure 333. Just remember that regardless of the method of 
heating, the same rules apply concerning heat and working 
of the metal. 

.GORGING TOOLS 

The tools used at the anvil with hand hammers or sledge 
hammers are swages, fullers, set hammers, flatters, punches, 
and chisels with tongs to hold the work. 

The anvil is one of the most used of all the Metalsmith’s 
tools. Its face is a smooth flat surface made of tough steel. 
The face must be treated with care to keep its surface smooth 
and free of dents and scratches. This provides a working sur- 
face that will support the metal while it is being pounded into 
shape. The smoother the face the better job you will get. The 
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Figure 334. — Biacksmith's anvil, 


cone-shaped end of the anvil, called the horn, is used for shap- 
ing and forming curved bars or rods. The square hole in the 
face of the anvil is used for holding the hardy tools. 


Figure 335,— Hardy cotter. 


The hardy cutter is a hot and cold chisel made to fit into the 
hardy hole of the anvil. It is mainly used as a bottom-cutting 
tool. Metal is cut by placing it on the hardy cutter and strik- 
ing it with a hand hammer. It is used for cutting metal bars 
and rods, and it may be used on steels (both hot and cold). 
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the hammer.. The cross-peen hammer is used to draw out 
tai in line with the hammer handle . 
sledge is a hammer weighing from five to twenty pounds 
having a handle 30 to 36 inches long. It is usually of a 
straight»peen or cross-peen type, as shown in figure 337. Sledges 
for heavy forging. Ordinarily they are used by the 
Metalsmith’s helper to strike heavy blows, either directly 
the work or on some other tool, such as a swage, fuller, or flatter 


Figure 338. — Using hammers to forge a cape 


Now take a look at figure 338. The use of 
^pes of blacksmith’s hammers is illustrated. In 
tep the ball-peen hammer is used over the horn of the 
' 3 make the indentation in the stock. With a ball-peen hammer 
iOrce may be applied to a small area. In the second step 
the sledge is used on the face of the anvil for the actual working 
of the cape chisel. The weight of the sledge and the working 


of the stock on the face of the anvil shape the chisel. In the 
third step the flatter is used for finishing the chisel. The 
use of the flatter will give a smooth surface and eliminates 
hammer marks and inclusions. 



The set hammer (figure 339) is used for working in small 
spaces, or producing small inside corners. It is usually made 
with sharp edges, although some set hammers have round edges 
and are called round-edge set hammers. The set hammer is 
one of the most useful tools for forge work. However, its use 
requires a helper. 

The Flatter (see figure 340) is like the set hammer except 
that the face is larger than the body. It is used in much the same 
way for smoothing work and for producing a finished appearance 
by taking out the uneven surface left on stock by the hammer 
or other tools. Its use also requires a helper. 


476 


Figure 340. — Flatter. 



Fullers are used to shape round inside corners and angles. 
When the forging is worked between the top and bottom fullers, 
the top fuller is struck with a sledge. The top fuller is often 
used alone to make depressions on the upper side of the forging 
as it lies flat on the anvil . It has a handle like a hammer and is 
held on the work by a Metalsmith while his helper strikes it 
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with a sledge. The bottom fuller (figure 341) fits into the hardy 
hole of the anvil. It serves the same purpose as the top fuller. 
To use the bottom fuller for making depressions in stock, insert 
it in the hardy hole and place the stock on top of it. The stock 
is then struck directly with a sledge until the required size 
shape, or depression is made. Fullers are ordinarily made 
with radii of to 1 inches. 



Figure 342. — Chiseis. 


Chisels are special tools used for cutting or splitting he*' 
cold stock. The hot chisel is used for cutting hot metal. The 
cold chisel is used for cutting cold metal. The hot chisel is 
thinner than the cold chisel . Its edge is made thin so that it will 
penetrate heated metal quickly. The edge can be made thin 
because great stren^h is not required of a tool for cutting F''* 
metal. The cutting edge of the hot chisel is ground to ^ 
included angle of about 30 degrees. The cold chisel - 
stubby and blunt to give it greater strength. The cutimg, 
edge is ground to an included angle of about 60 degrees. Black- 
smith’s chisels are usually fitted with a handle. They are held 



Figure 343. — : Swages, 


I in place by the blacksmith and struck with a sledge by his 
helper. 

f ' "-^.Swages (see figure 343) are used for smoothing and finishing. 
’H They are made up in all sizes, dependingupon the work forwhich 

I they are intended. They are used in pairs, each consisting of a 

! bottom and a top swage. The bottom swage is inserted in the 

hardy hole of the anvil. The groove in the top swage is the same 
size and shape as that in the bottom swage. Grooves are 
usually made half-round, octagonal, or square, although they 
may be made in any other shape. A hot forging is placed 
in the groove of the bottom swage, and the top swage is held 
on top of the work by the Metalsmith while his helper strikes 

I You may also have a swage block like the one in figure 344. 

r \.de of cast iron or steel, the block weighs about 150 pounds 

1 and is commonly mounted on a stand. It is cast with a 

^ number of round, square, and rectangular holes, and provided 

with grooves of various shapes and sizes around ‘ the edge. 
This block is useful in the forming of all kinds of shapes. The 
‘ ^s are mostly used for the insertion of work that is being 
. -^aded, such as bolts. The grooves are used principally as 
.swages.,. 


Punches are used for making round, square, or odd-shaped 
holes in hot metal. Like most of the other forging tools de- 
scribed, they are provided with handles and are held on, the 








work by the Metalsmith Avhile being struck with a sledge by 
his helper. When finishing a hole the punch is held on the work 
over the pritchel hole of the anvil, which permits the slug of 
the stock to drop through. 



Two other handy tools are the bob or counterpunch and the 
cupping tool (see figure 346). The counterpunch is used for 
countersinking holes and making depressions for jump welds 
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(see figure 358) . The cupping tool is used for rounding off or 
finishing the heads of rivets. 

A vise has many uses in the blacksmith shop. It is used for 
holding work while it is being laid out, bent, twisted, or filed. 
A good type of vise is shown in figure 347. 



Tongs are used to hold hot work during forging on the anvil 
They should be well constructed and fitted to the work they 
are made to hold. They are usually made by the Metalsmith 
either for general use or for a special purpose. Both sides of 
most pairs of tongs are alike. All of their dimensions, offsets, 
projections, and curves are in the same direction . To assemble, 
one side is turned over and they are riveted together. There 
are six types of tongs in common use in the blacksmith shop . 
These six definite forms are shown in figure 348. 

Special tongs are those made for a special purpose . As a 
Metalsmith you will find that frequently you will have no tool 
with which to do a particular job. It is at this point that you 
begin to invent. Figure 349 shows a few of the special-purpose 
tongs that may be made to do a particular job. 

A special blacksmith’s surface plate which has a smooth 
flat face is a standard piece of equipment in the larger shops. 
It is used to test the surfaces and shapes of forged pieces. 

Many tools have been designed for use in the blacksmith 
shop, but you will find that in many cases your jobs will call 
for tools that are not available. Here is where the job begins. 
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Figure 349.— Special tongs. 


Get the right tools for the job— make them if you have to, and 
use the tool for the job for which it is intended. 

FORGING PRACTICE 

Here are some important items for you to consider and 
remember when you are doing forge work— 

1 . Control the heating so that it is uniform over the entire 
area to be forged. 

2. Avoid overheating the metal — watch those heat colors. 

3. Plan your work so that the finishing blows are applied 
as the steel begins to lose full color. 

4. Avoid repeated reheating of the metal. Try to do all 
the forging with one heat. Repeated reheating will en- 
large the grain and weaken the structure. 

0. Keep hammer handles tightly wedged so the heads 
won’t fly off. The handles loosen because the heat shrinks 
the wood. 

6. Make sure the forge fire is out before you knock off 
work. 
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7. Have plenty of respect for hot metal. Wear special 
leather clothing when you do forging. 

FORGING OPERATIONS 

When heated to the proper forging Temperature, steel and 
soft iron can be hammered into almost any desired shape. The 
various hammering operations are known as drawing, up- 
setting, bending, and welding. 

Drawing is a method of working a piece of metal so as to 
increase its length or width, or both, and to reduce its cross 
section. When both length and width are to be increased, the 
metal is hammered over the fiat face of the anvil. Length only 
is increased by hammering the metal over the anvil horn, as 
shown in figure 350. The horn acts as a blunt wedge to spread 
the metal and force it lengthwise. 



Round stock may be drawn out or pointed by the method 
shown in figure 351. Forge it square first, then octagonal, and 
then round again. Remember to forge it with as few blows as 
possible. Try to do all the forging without reheating. 

Upsetting is the reverse of drawing— that is, the length is 
decreased and the cross section is increased. A somew'hat 
higher temperature is required for upsetting than for drawing. 
The temperature must be near the upper forging limit. 
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Figure 352.— • Upsetting, 


A SHOET piece of steel is upset easily by placing it on the anvil 
and striking it with a hammer or sledge. Longer pieces must be 
held with tongs. When a long piece bends while it is being 
upset, it should be straightened immediately. Only the portion 
of the metal to be upset is heated. The upsetting may be done 
by the method shown in figure 352. 

Shouldering is usually accomplished by upsetting and draw- 
ing. In forming a rivet, for example, use your fullers to make 
a depression just below where the head is to be. Start drawing 
out from the small end and work up to the deitression. When 
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HOT BENDING 


Square and angle bends may be formed over an edge of the 
anvil face as shown in figure 354. The metal is held down by a 
helper with a heavy sledge. Notice that the bend is started at 
the end of the piece and not at the point of bend. The bend 
ma}^ be finished square inside and out, or rounded. If an inside 
radius is desired, the metal is bent over a rounded corner of 
anvil. 

angle bend will be stronger if the area of the portion to 
bent is enlarged by upsetting. To upset the rod or bar, just 
at the point of bend and— holding it vertically by one 
the other end against the deck. Then bend the 


Figure 353. — Shouldering. 


proper size and shape has been formed, quench the body of 
the rivet, using a header like the one shown in figure 353, and 
upset the head. 



Figure 355. — - Bending, 


FINISH 
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Figure 354. — Square and angle bends. 

rod or bar in a vise or over an anvil to the desired angle, using 
the extra metal to reinforce the bend. 

Curved bends are started over the rounded anvil horn (figure 
355). Notice that the curve is started at the end of the piece 
(figure 356). Rings are also forged in this manner. 
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Figure 356. — Starting a curved bend, 


One method of bending an eye is illustrated step by step in 
figure 357 . The bend is started over the edge of the anvil in 
step 1, and completed around the horn to desired size in steps 
2, 3, and 4. It looks easy, but you’ll have some trouble keeping 
the curve straight at first. 


■HAMMER 

HERE 


X*ANViL HORN 


Figure 357. — Bending an eye around an anvu horn. 


FORGE WELDING 

Forge welding of steel or iron requires that the parts be 
heated to a temperature of 2500° F. or more, and then ham- 
mered together. To avoid burning, the metal should be welded 
as soon as it reaches the proper temperature. It won’t weld 
when it cools, so make every blow count. 

The ends to be joined should be preshaped by forging or 
cutting to one of the shapes illustrated in figure 358. The 
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operation of preparing the pieces for welding is know^n as scarf- 
ing. The beveled end is known as the scarf . Notice the extra 
metal provided at the joints. If the extra metal is not pro- 
vided the welded area will be thinner and weaker than the rest 
of the piece. When finished, the weld is worked down to size, 
either with hammer and anvil or with swages. 



Figure 358. — Joints for forge welding. 


When wrought iron or steel is heated to high temperatures, 
such as used in welding, and are exposed to air, they oxidize 
rapidly. To secure a bond between two pieces, this oxide 
must be so fluid that it can be squeezed out from between the 
surfaces. The fusion point of the oxide is lowered by the 
use of fluxes. 

Glean silica sand and borax are the two common fluxes 
used at the forge. Borax has a low fusion point. Because of 
this it is used on high-carbon steel. It can be placed on the steel 
at low temperatures after scarfing or it can be sprinkled on the 
steel while the steel is heating. Borax lowers the fusion point 
of the oxide and prevents further oxidation. Sand has a high 
fusion temperature, but when it is combined with iron oxide it 
becomes fusible at lower temperatures, It is generally sprinkled 
on the metal just before it reaches the welding temperature. 


Because of the development of gas-and arc-welding equipment 
and the availability of this equipment on ships and stations, 
you’ll not do much forge welding, but in case jsou do, it is a good 
idea to have the information at hand. 

DO THE JOB . 

Now you have the fundamentals for doing blacksmith work and 

forging, but you will find that there is nothing that will sub- 
stitute for practice. Study the color chart until you know by 
looking just how hot a piece of metal really is. Get acquainted 
with the tools that are available, but remember that some- 
times there will be no tool for doing the job that will come up. 
That will call for initiative. There is always a way if you just 
use common sense and apply it to the material at hand. 

QUIZ 

Select the one best answer to each of the following statements. 

1. .\nother name sometimes used for forging is — 

(a) Cold-working. 

(b) Welding. 

(c) Scarfing. 

(d) Hot-working. 

2. Forging is the name applied to a method of wwking metals while 
they are hot enough to be — 

(a) Molten. 

(b) Malleable. 

(c) Puddled. 

((/) Vaporized. 

3. The first step in successful forging is to — 

(а) IMeasure the critical range, 

(б) Peniove scales caused by preheating. 

{(') Fstimate cubic content of finished product. 

(d) Add 25% to selected stock for loss due to scaling. 

4. llie most practical way to judge temperature is to— 

(a) Learn colors of hot iron and steel. 

{b) Watch the forge flame. 

(c) Keep a color chart in your pocket. 

(d) ^Memorize the melting points of metal. 


5. In the process of forging metal, the grain structure is — 

(а) Enlarged. 

(б) Refined. 

(c) Made brittle. 

'■(d) Made ''coarse ■ 

6. The result in the finished forging where temperatures are too high 
for the amount of work to be done will be — 

(a) Small structural grains. 

(b) Internal air pockets. 

(c) High stresses. 

■ (d) Large structural grains. 

7. If a piece of steel containing 0.2 percent carbon is heated to 1550®F. , 
its color will be — 

(a) White. 

(5) Lemon. 

(c) Bright red. 

(d) Blood red, 

8. It is preferrable to light an oil-burning forge with — 

(a) Lighted waste. 

(6) A match. 

(c) An electric spark. 

(d) A friction sparklighter. 

9. Black smoke in the heating chamber of an oil-burning forge is an 
■ indication — 

(a) Of impurities in the fuel supply. 

(5) That the correct proportion of oil to air has been reached. 

(c) That too much oil is being used. 

(d) That too much air is being used. 

10. One of the most used of all blacksmith’s tools is the — - 

(a) Hacksaw. 

(b) Anvil. 

(c) Punch. 

(d) Chisel. 

11. The cone-shaped end of an anvil is known as the— 

(a) Waist. 

. (b) Harlie. „ . 

• (c) Shank. 

(d) Horn. 

12. The hardie is used mainly as E' — 

(a) Cape chisel. 

(6) Flatter. 

(c) Bottom cutting tool. 

(d) Fuller. 
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13. In setting down work, working in small spaces, or producing small 
inside corners, it is advantageous to use a — 

{a) Straight-peen hammer. 

(5) Cross-peen hammer. 

(c) Bail-peen hammer. 

(<i) Set hammer. 

14. The cutting edge of a cold chisel is ground to an included angle of 
about — 

(a) 30". 
ih) 60". 

(c) 90". 

(d) 120". 

15. Blacksmith’s chisels are usually — ■ 

(a) Held with tongs. 

(6) Held by grasping the shank. 

(c) Placed in the anvil hardie hole, 

(d) Fitted with a handle. 

16. Sv’ages are used for — 

(a) Cutting and splitting. 

(h) Smoothing and finishing. 

(c) Shaping round corners. 

(d) Setting down work. 

17. The tool used to make round, square or odd-shaped holes in hot 
metal is a — 

(а) Punch. 

(б) Swaging block. 

(c) Pritchel hole of an anvil. 

(d) Counterpunch. 

18. The tool used to make a depression for a jump weld is a — 

(a) Cupping tool. 

(5) Odd-shaped punch. 

(c) Bob tool. 

(d) Swage. 

19. Hot work is usually held in place, during forging on the anvil, with — 

(a) Tongs. 

(6) Pliers. 

(c) Tack welds. 

(d) A hardie hole ’ 


20. When a piece of metal is increased in length or width and the cross- 
sectional area reduced, the forging operation is known as— 

. .(a) Upsetting.' ' , 

(6) Scarfing. 
ic) Drawing., „ 

(d) Bending. 

21. When the length of metal is decreased and its cross-sectional area 
increased, the forging operation is known as — 

(a) Drawing. 

(h) Bending. 

(c) Scarfing. 

(d) Upsetting. 

22. An angle bend will be stronger if the area of the portion to be bent is — 

(a) Drawn. 

(h) Upset. 

(e) Shouldered. 

(d) Scarfed. 

23. Forge welding requires parts to be heated to a temperature of — 

(a) 1150°. 

(b) 1400°. 

(c) 1800°. 

(d) 2500°. 

24. The operation of preparing the pieces for forge welding is known as — 

(а) Beveling. 

(б) Preheating. 

(c) Scarfing. 

(d) Scaling. 

25. When finished, a forge weld may be worked down to size with — 

(а) Swages. 

(б) A bob tool. 

(c) Set hammer. 

(d) Chisel. 

26. Common fluxes used in forge welding are- — 

(a) Borax and sal-ammoniac. 

(5) Tallow and rosin. 

(c) Silica sand and borax. 

(d) Stearine and stearic acid. 
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CHAPTER 14 

EMERGENCY DUTIES 


When your ship puts out to sea, she must be kept in a con- 
stant state of readiness. That is your job and the job of every 
officer and man aboard. All hands must turn to on a mission 
to — , ^ 

1. Keep the ship afloat. 

2. Keep THE SHIP UNDER WAY. 

3. Keep the guns firing or ready to fire. 

4. Protect the lives of the crew. 

Your routine duties help to accomplish these purposes, but 
there will be frequent drills and instructions in the duties that 
you will be called upon to perform in case of an emergen c}^. 
You will be assigned to a damage-control party and you will be 
trained to work when and where assigned at short notice. 

Much of your knowledge and skills will be overlapping with 
that of the Damage Controlman who is responsible for the 
knowledge, theory, techniques, skills, and equipment of fire 
fighting, chemical warfare, carpentry, painting, and damage 
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WATERTIGHT INTEGRITY 

Watertight Integrity is built into the ship and, as a member 
of a damage-control party, one of your most important duties 
will be the checking and repairing of the ship’s decks, bulk- 
heads, and fittings to maintain that watertight integrity. 

Such routine testing, checking, and repairing of watertight 
installations are apt to be somewhat monotonous, but they 
must never be taken lightly. Eternal vigilance is the price of 
your ship’s safety. Just one fitting in bad shape may let in 
enough water to endanger your ship. That’s why you have to 


FIRE FIGHTING, WATERTIGHT INTEGRITY, AND DAMAGE CONTROL. 

The causes of damage to a ship are fire, enemy action, 
WEATHER, COLLISION OR OTHER ACCIDENT. You may encounter 
several kinds of trouble at the same time, so it is well to know 
how best to apply your tools and knowledge to maintain the 
safety, security, and effectiveness of your ship. 
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be sure that all the boundaries and fittings are in good condi- 
tion all the, time. 

COMPARTMENTATION 

Your ship is divided into compartments by bulkheads , 
which are vertical partitions, and by decks. Bulkheads running 
fore and aft are called longitudinal bulkheads and those running 
from port to starboard are called transverse bulkheads. 



The MAIN DECK is the highest deck extending completely from 
stem to stern and from port to starboard. The fokecastle 
DECK is a partial deck above the main deck forward. If such a 
deck extends well back into the waist of the ship it is known as 
the UPPER DECK. The poop deck is a partial deck at the stern. 
If it extends to the waist of the ship it is also called an upper 
deck. Likewise, a partial deck above the main deck amidships 
is an upper deck. Superstructure decks are those above the 
forecastle, poop, and upper decks. On some ships, superstruc- 
ture decks do not extend to the side of the ship. 

Below the main deck the first complete deck is called the 
SECOND DECK. The next lower complete deck is called the 
THIRD DECK. In the case of large carriers there is a fourth 
deck: ; A half deck is a partial deck located between the main 


deck and the lowest complete deck, and a partial deck located 
below the lowest complete deck is called a platform deck. If 
your ship has more than one platform deck, they are designated 
FIRST PLATFORM, SECOND PLATPOEM, from topside doWB, 

Some of the decks and bulkheads are heavier-armored than 
others. The protective deck is the heaviest-armored deck of 
the ship. A special steel armor plating is secured on top of the 
regular deck over certain vulnerable portions of the ship. This 
armor is usually on the second deck and covers such spaces as 
magazines and steering engine rooms. A splinter deck is an 
armored deck below the protective deck that has lighter armor 
than the protective deck. 

Collision bulkheads are also made of heavier plate than 
ordinary watertight bulkheads. They are reinforced with 
stiffeners made of angles, bars, channels, and other structural 
shapes. These bulkheads are designed to prevent flooding of 
the rest of the ship in case the bow or stern is damaged by 
ramming or collision. The bow collision bulkhead is the first 
transverse bulkhead aft of the stem. The last transverse bulk- 
head aft is the collision bulkhead that protects the after part of 
the ship. Swash bulkheads are partial bulkheads pierced by 
holes and installed in oilers and deep oil tanks in other vessels 
to prevent excessive movement of the liquid in the tank and thus 
reduce stresses in the ship^s structure. Watertight bulk- 
heads are usually made of heavier plate than ordinary bulk- 
heads. In some ships these watertight bulkheads extend from 
the keel to the main deck without any access openings. Other 
ships have watertight doors in these bulkheads only on the 
second deck, with bulkheads below the second deck pierced 
only for essential services such as piping and wiring. 

The effectiveness of damage control procedures is based on 
proper compartmentation of the ship. The ship is divided into 
compartments to — 

1. Control flooding. 

2. Restrict chemical agents and gases. 

3. Segregate activities of personnel. • 

4. Provide underwater protection by means of tanks and 
voids. 
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5. Strengthen the structure of the ship. 

Compartments are designated and identified by symbols 
which are made up of letters and numbers. Each compart-, 
ment has its own symbol, which is stencilled on the bulkhead, 
hatch, or door. Port compartments have even numbers. 
Starboard compartments carry ODD numbers. 

The first letter of the symbol is always either A, B, or C, 
(and D in older ships). A indicates a compartment located 
PORw^ARD of the machinery space; B refers to amidships of 
machinery spaces; and C means the compartment is aft of the 
machinery spaces. In older ships the B and C compartments 
are in the machinery spaces; D compartments are aft of the 
machinery spaces. The divisions of a new (three-division) ship 
are indicated in the upper diagram of figure 360. The lower 
diagram represents the way a new series of compartment num- 
bers begins at the forward end of each division, with the even 
numbers on the port side and the odd numbers starboard. 


COMPARTMENT SYMBOLS 







036o"«-“-^^OECK 


0200"^^ SYMBOLS \ 


oToo^ 

MAIN DECK 


MAIN DECK / 

\ SECOND DECK 


SECOND DECK / 

\ THIRD DECK 



\ PLATFORM 

BOILER AND 

PLATFORM 1 

V PLATFORM 1 

MACHINERY SPACES 

PLATFORM / 

--- 

! 

1 

HOLD / 


"RUDDER 


w: 


— 900 


DOUBLE BOTTOMS 


Figure 361. — Compartmenf-deck numbers. 


After the division letter, the deck designation comes next in 
the symbol. Main deck compartments are indicated by num- 
bers, such as 102,109, or 117. Second deck compartments are 
indicated by numbers from 201 through 299, and third deck 
numbers begin at 301. A zero preceding the number indicates 
a location above the main deck (see figure 361). The double 
bottoms always form a 900 series on any ship regardless of the 
number of decks above. 

The use of a compartment is indicated by a letter which 
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FOLLOWS the symbol number, 
are — 

A - — Supply and storage. 
C— Control. 

E — Machinery. 

F — Fuel. 


The letters and their meanings 

/.^—Living quarters. 

M— Ammunition . 

T— Trunks and passages. 

F— Voids. 

TF—Water. 


Here’s a sample of a compartment symbol. 

C— 2 17 A 

I I I , 

I * supply compartment. 

! compartment number (starboard side); 

— second deck. 

— __ after part of ship (C division). 


Learn this standard compartment symbol system. It’s used 
on ail ships except a few of the older ones which have the addi- 
tional subdivision D. When you are ordered to go to a desig- 
nated compartment you must be able to get there with a mini- 
mum of confusion and delay. Know where you are going. 

WATERTIGHT CLOSURES 

V/atertight doors (WT) are doors used in watertight bulk- 
heads. They are designed to resist as much pressure as the 
bulkheads through which they give access. All watertight 
doors are secured with a mechanical device known as a dog. 
Usually a watertight door has ten individually operated dogs; 
however, some are equipped with a handwheel which operates 
all the dogs at once and these are known as quick-acting 
watertight doors. 

Hatches are horizontal doors which are used for access 
through decks. A hatch is either set with its top surface flush 
with the deck or on a coaming raised above the deck . Hatches 
do not operate with quick-acting devices but must be secured 
with individually operated dogs. 

Escape scuttles are round openings with quick-acting clo- 
sures which are placed in hatches. Such a scuttle may also be 
placed in the deck itself, in a compartment which has only one 
hatch. 
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Manholes of the hinged type are really miniature hatches 
which are provided in decks and bulkheads for occasional access 
to water and fuel tanks and voids. Bolted manholes are sections 
of plate which are gasketed and bolted over deck-access open- 
ings. They are placed in the deck ^^just in case’^ access may be 
required but are seldom opened by ship^s personnel except for 
periodic inspections. 



Most access-closure devices depend for their tightness on a 
rubber gasket which is usually mounted in the covering part to 
close against a fixed-position knife edge. Gaskets of this type 
are either pressed into a groove or secured with retaining strips 
held in place with screws or bolts. 

CARE OF CLOSURE FITTINGS AND GASKETS 

Rubber gaskets used with closure fittings should never be 
painted and they must be kept free of dirt and grease. Knife 
edges should be kept bright and smooth, free of dust, grease, 
and paint. Never use abrasives on knife edges. 

Dogs and pins should not be removed for cleaning but may be 
reipoved by qualified personnel for adjustment or repair. Steel 
bolts should be kept clean and slushed with a light coating of 
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DOOR 

FRAME 

RUBBER 

GASKET 


WEDGE 


DOG 



STIFFENER 


DOOR PLATING 


Figure 365.— How dog and gasket are used in securing WT doors. 

heavy grease. Corrosion-resisting alloy bolts require only an 
occasional wiping with an oily rag. 

WT doors and hatches will retain their efficiency longer and 
require less maintenance if they are properly closed and opened. 
When you close a door first set up a dog that is opposite the 
hinges with just enough pressure to keep the door shut. Then 
set up the other dogs evenly to obtain uniform bearing all 
around. When you open a door, start with a dog ne.a.rest the 
hinges. This procedure will keep the door from springing and 
make it easier to operate the remaining dogs. Don’t pound on 
the dogs to tighten them— use a wrench, which is just a piece of 
pipe about a foot long and which is kept near the door. When 
dogged closures are defective they can often be repaired simply 
by adjusting the individual dogs. After you get a door properfv 
adjusted, check to be sure that you have replaced all of the parts. 

If a lonfe edge does not bear evenly against its ga.sket, tempo- 
rary repair may be made by removing the gasket and building 
up behind It with wood, cardboard, or metal shims. The wedge 
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against which a dog bears may also be built up with shims. If 
the knife edge itself is unevenly worn or has corroded so that its 
bearing surface has been destroyed^ the only satisfactory per- 
manent repair is to build up the knife edge with welding, and 
then dress the built-up surface. 

AIRPORT COVERS AND LENSES 

You may be required to set up the dogs on airport covers 
which operate much the same as doors and hatches. There is 
this additional danger, ho^vever. If the dogs are allowed to 
become loose, the lens may be broken by a heavy sea or by the 
working of the ship in a seaway. 

In hinging up airport covers, be sure to bring the hinge pin 
of the cover all the way out to the end of the hinge, to avoid 
breaking the cover. 

In renewing lenses, remove the old lens and clean the threads 
of the frame and the retaining ring. If the frame and the ring 
are of composition, apply a light coat of oil or grease to the 
threads. Insert a new lens, imbed it in white lead, putty, or 
other approved material, and secure the retaining ring. This 
should force the putty out evenly all around to insure a tight fit. 

SELECTION AND APPLICATION 
OF GASKETS AND PACKING 

For the more common type of doors, hatches, and similar 
openings, material for sheet-rubber and strip gaskets will be on 
hand for issue by the supply department. For special gaskets 
and packings refer to General Specifications, Appendix 9 — 
Gaskets and Packings, which prescribes the correct gaskets and 
packings for all hull fittings. This publication refers to materials 
by Navy specifications numbers and those numbers are covered 
in separate leaflet specifications. Both publications will be on 
file in the Engineering Log Room. 

When cutting a gasket, plan as few breaks or joints as pos- 
sible. The fewer the joints, the stronger and more leakproof 
the seal. Clean the steel surface, cut the gasket to the desired 
length so that the butts will fit snugly, cement the new gasket 
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Figure 36(6. — ^ Visual inspeiction tests. 


AIR TESTING 


When a ship is on the building ways, each watertight com- 
partment, void, and tank is tested by filling it with water which 
is put under the pressure provided in the design specifications 
for that compartment. Of course, this method is impracticable 
when the ship is in operation, so an air test is substituted for 
the water test. 

For the air test, all fittings of the compartment are closed or 
blanked off. Then the air-testing equipment is connected to the 
air-test fitting, usually a short nipple welded or threaded into a 
hole in the bulkhead, deck, manhole cover, or door. 

The air-testing equipment is usually operated by a crew of 
three or more. Each testing set consists of a base on which is 
mounted a reducing valve with readings from pound to 5 
pounds, an intake reducing valve, a relief valve, a mercury gage 
and sufficient air hose to reach a low-pressure air connection. 
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The mercury gage may be permanently attached to t*"* 
may be provided separately. But be sure you use a mercufj” 
gage — a spring gage is not sufficiently dependable. 

When the equipment is set up, the intake .reducing valve i^ 
regulated to provide the exact pressure that has been specitit.. 
for the test for that compartment. The pressure specified will 
depend on the location and construction of the compartment 
being tested. Under no condition should the specified pressure 
be exceeded, because excessive pressure might damage fittings 
and boundaries. 

As soon as the specified pressure of the compartment ic. 
reached, the air supply is closed. The mercury gage is then 
observed for a period of 10 minutes for a drop in pressure. The 
results of the test are then recorded on an air test record 
sheet. These records are recorded in the hull book ar;"" 
tually included in the quarterly report of watertight integ- 

.RITY. AND AIR TESTS. 


If the compartment doesn^t pass the test, the easiest rnethod 
for locating the leak is to apply a soapsuds solution around all 
manhole covers, doors, and other possible sources of leaks. 
When the leak is determined, if it^s a minor job you may repair 
it by inserting shims or other on-the-job expedients. If it's a 
major job it may call for welding. 

After the leak has been repaired, another air test must be 
made. Sometimes it may be necessary to make several tests 
before the compartment passes the test. 


DAMAGE CONTROL ■ 

.Damage control means doing anything that can be done to— 

1. Preserve the watertight integrity of the ship. 

2. Maintain the buoyancy, stability, fire-power, and 

MANEUVERABILITY OP THE SHIP. 

3. Make RAPID repairs to damaged gear and structure. 

4. Furnish fire protection and extinguish fires. 

Damage control is a serious and important matter. It de- 
serves your most serious thoughts and efforts, for it is through 
in a damage control party that you can contribute 
. ..co'keeping your ship afloat and under way. 

" When a ship is commissioned, some of the crew members are 
immediately organized into damage control parties. The num- 
- of such parties depends on the size and type of ship, damage 
control equipment and facilities provided, and the number of 
men available for assignment. A destroyer will probably have 
only three parties. A battleship usually has six, designated' 
this way — 


Station 

Designation Location 


aiiu. 


Repair 

I- 

— Main deck (and above) repair 

Repair 

II- 

— Forward repair. 

Repair 

III- 

After repair. 

pair 

IV- 

— Amidship repair. 

Repair 

V- 

— Engineering repair. 

Repair 

VT,,.. 

— Q- inance repair. 




Aircraft carriers usually have two additional repair parties — 
Repair VII — ~~ Gasoline stowage and repair. 

Repair VIII Flight deck repair (for aircraft carriers 

only. On Escort aircraft carriers the 
functions of Repair VII and Repair VIII 
are combined with those of Repair I.) 

Each damage control party contains a number of different 
ratings. This organization provides skilled men for any type 
of work and decreases the likelihood of all men of one rate being 
wiped out by a single hit. For example, if assigned to Repair V 
youdl find that this party will include a Damage Controlman, 
Machinist’s Mates, Metalsmiths, Electrician’s Mates, and 
Boilermen. 

You, or one of your group, may be assigned as a JZ telephone 
talker, messenger, oxygen-breathing man or his tender. You’ll 
need a knowledge of first aid. There’ll be a Hospital Corpsman 
in the damage control party with you, but he may not be in 
the same spot you are when first aid to a shipmate is needed . 

The officer in charge of your party may be one of the assistant 
damage control officers, or he may be your own division officer. 
His assistant will be a chief or first class petty officer. 

The officer in charge of your party, who works directly under 
the Damage Control Officer, is responsible for training all of the 
members of the repair party in all of the duties of damage 
control. 

You’ll be trained as a talker, messenger, or an oxygen-breathing 
man just in case you have to pick up one of these jobs in addi- 
tion to the specialty of your rating. Your job is to learn all of 
these duties thoroughly. 

A good sailor knows his ship — the whole ship, not just the 
part in which he is assigned. In an emergency you may have 
to work anywhere on the ship, depending on the location and 
extent of damage. 

Be able to find your way to any compartment in the dark, 
and be able to close any valves, doors, or hatches by feel alone. 
If you can do that you will be an effective man in any repair 
party. 
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DAMAGE CONTROL SYSTEMS 


KnowtlieimportantDamageControlSystems--” 

1. Drainage and Flooding. 

2. Firemain and Sprinkling. 

, . '3. . Ventilation.' 

4. Fuel Oil, Fresh Water, and Ballast. 

5. Compressed Air. 

6. Communication. 

In addition to knowing these systems, know your own as- 
signed job perfectly. You can get information on these systems 
from your ship's Damage Control Book, Damage Control Bill, 
and Casualty Control Bill. You will learn a lot from drills and 
practical experience. Danger may appear at any time — be 

PREPARED. 

Drainage and Flooding System 

The purposes of the drainage and flooding equipment are — 

1. To remove large amounts of water from compartments 
and spaces after battle or other damage. 

2. To remove water from the hull under normal operating 
conditions. 

3. To flood compartments to improve V’ini and stability of 
the ship. 

There are three principal types of fixed mechanical drainage 
systems — main drainage, secondary drainage, and main 

CONDENSER CIRCULATING PUMPS. 

The main drainage system is designed to remove water 
accumulated in bilges by ordinary seepage and to remove water 
shipped by reason of damage or accident. It is made up of 
piping and pumps that can move large quantities of water in a 
short time. This is necessary in draining large spaces such as 
the engine rooms and the fire rooms. Usually the piping is a 
fore-and-aft line running alongside the keel through the central 
section of the ship. Smaller branches and take-offs reach bilge- 
wells, tanks, and other compartments. Locate the valves, learn 
their purpose, and learn how- to operate them. 


0 — 51—33 
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The secondary drainage systems; ser^e the same purpose 
as the main drainage system except that they are located in 
different sections of the ship. In some ships such as the DD 692 
Class there Avill be a portion of the, secondary drainage system 
located in the bow and another in the stern of the ship. The 
capacity of this system is small compared to that of the main 
system. It usually consists of one fore-and-aft line with branches 
to the compartments. 

The main condenser circulating pumps can be used for 
emergency drainage of the engine rooms. These are large- 
capacity pumps (usually centrifugal) , the normal job of which 
is to circulate water from the sea to the main condenser in the 
engine or machinery rooms and discharge it overboard again. 
Each pump, however, has a secondary bilge suction from the 
engine room in which it is located, and the pump can drain this 
space in an emergency. No other space can be drained by this 
type of pump unless, by accident or design, another space 
should drain into the engine room where the pump is located. 

In addition to the three fixed mechanical drainage systems, 
there is a system of drainage by gravity and there are also 
various items of portable equipment for drainage. 
the waterline (deck drains in compartments, washroc^*..., ^ , 
and heads) are drained overboard by gravity. In some excep- 
tional cases, spaces at or near the waterline drain by gravity 
into a bilge-well or other lower space, from which water may be 
pumped overboard by the main or secondary drainage system. 
Permanently installed eductor drain systems may also be used 
for compartments just below the water line. The main tj^pes 
of portable equipment for drainage are — portable electric sub- 
mersible pumps, gasoline handy bill pumps, portable water jet 
pumps (eductors), and hand pumps. The operation of ail of 
these pumps except the submersible pump will be explained in 
the section of this chapter concerned with fire fighting. 

The portable electric submersible pump is used for re- 
moving water from flooded compartments. If the strainer is kept 
clean and the discharge head kept low, this pump can move 
180 gallons per minute. 

The efficiency of the pump is improved if a basket strainer 
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is used in addition to the standard suction strainer that comes 
with the pump. You can make up these baskets of No. 3 mesh 
(0.054-inch wire) screen stock, which is available under Navy 
Specification No. 42-0-21596. Baskets must be used with all 
types of pumps and eductors when flood water is being pumped. 



SOUARE STRAINER BASKET ROUND STRAINER BASKET 

Figure 368. — Portable electric submersible pump with basket strainers. 

Submersible pumps should be lowered, raised, and secured 
(while pumping) only by the handling line. This line is secured 
to the pump housing through an eye attached for that purpose 
Never lower or raise the pump by the electric cable. This will 
break the watertight seal where the cable enters the housing. 
The handling line may be married to the cable, provided con- 
siderable slack is left in the cabl^ 

To secure a higher lift, two submersible pumps may be con- 
nected in tandem. A multiple outlet box is provided (or should 
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PUMPS CAN BE USED IN 
TANDEM (SERIES) TO 
get a HIGHER LIFT 



PAINT A NUMBER ON EACH 
PUMP AND ON THE PLUG 


Figure 369. — Tandem connections for submersible pumps. 

be constructed on board ship) for making the necessary electrical 
connections. 

Keep in mind the following precautions when placing a sub- 
mersible pump in operation or in actual use: 
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1. Keep handling line, electric cable, and discharge hose 
clear so that the pump can be removed quickly . 

2. Keep hose free of kinks for maximum output. 

3. Always use a strainer. 

4. Keep the strainer clean at all times, using a wire brush. 

5. Keep suction lift and discharge head as low as possible. 

6. Keep the suction end of the pump or the end of the suction 
hose, in the water while the motor is in operation. 

7. Above all, ip gasoline fumes are present, never use 
AN ELECTRIC SUBMERSIBLE PUMP or any Other apparatus 
that might produce a spark. 

Firemain and Sprinkling Systems 

The firemain system is made up of piping, pumps, plugs, 
valves, and controls. This system is designed to supply ample 
water for fire fighting, sprinkling magazines, swabbing down, 
and for any other purpose for which salt water is normally used. 

The piping may be a straight line or a loop system. The 
latter is found on larger ships. Risers go from the firemain to 
fire plugs on the upper deck levels. The firemain system is so 
designed that an}^ damaged section of piping can be isolated 
from the system. Study the firemain system by following the 
piping from stem to stern, deck by deck, and compartment by 
compartment. Supplement this information by studying — 

1. Blueprints and diagrams of the firemain system. 

2. The General Information Book. 

3. The Damage Control Firemain Operating Bill. 

4. The Engineering Casualty Control Book. 

By studying the firemain system as outlined you can learn to 
isolate damaged sections and thus restore pressure to the rest 
of the system. 

Ventilation Systems 

The ventilation systems aboard ship supply fresh air and 
remove stale air and gases, but they can be a source of danger 
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by flooding if damage control parties are careless. Ships have 
sufficient blowers to force fresh air through all compartments 
and through spaces below the waterline that are designed for 
ventilation. 

The ventilation system helps to prevent fires and explosions 
by preventing the accumulation of explosive gases. 

Fuel and Fresh Water Systems 

Fuel and fresh-water systems consists of tanks, filling lines, 
and feed lines. These are important in damage control because 
the list and trim of the ship can be partially controlled by shift- 
ing the contents of the tanks. This method of balancing is 
better than flooding when the damage is below the waterline. 
A ship^s “oil king’’ works with the Engineer Officer by direction 
of the Damage Control Officer on damage control problems that 
involve the transfer of tank contents. 

Compressed-Air Systems 

There are three compressed air systems: The high-pressure 
system, the low-pressure or the ship’s service system, and the 
gas-ejecting system. 

The HIGH-PRESSURE SYSTEM fumishes compressed air for tor- 
pedo charging and gun mount counter recoil charging as well 
as for the torpedo and ordnance workshop. Also on some ships 
the high-pressure system is an essential part of the gas-ejecting 
system, air from the compressors being necessary to supplement 
the air banks and low-pressure compressors when all guns are 
firing in order to maintain adequate gas-ejection air. On some 
ships it also furnishes air for catapults for launching planes. 

The LOW-PRESSURE SYSTEM Supplies air for general service 
and compartment testing. 

The GAS-EJECTING SYSTEM is designed to furnish gas-ejecting 
air to the gun mounts at a rate sufficient to maintain continuous 
firing until the supply is exhausted. 

Since compressed air also powers pneumatic tools used in 
damage control and in maintenance work it is well to be familiar 
with the systems, their purposes and their operation. 
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Communication System 

When a ship is in action/ the commimication system is of vital 
importance. Control stations must be notified as to — 

1. Location of casualties. 

2. Extent of damage. 

3. Corrective measures taken. 

4. Progress being made. 

As a member of a damage control party, you must be familiar 
with the various means of communication. These include — 

1 . Battle telephone circuits (sound-powered telephones) . 

2. Emergency sound-powered telephone circuits. 

3. Damage control announcing system. 

4. Shipps service telephones. 

5. General announcing system. 

6. Messengers. 

The most important means of communication is the battle 
telephone circuit. All the others are auxiliary or emergency 
means of communication. Know where jack boxes are located 
and what systems and circuits they serve. 

Learn the following circuits, and give particular attention to 
those that are included in your ships battle bill. 

1. 2JZ Damage and stability control. 

2. 3JZ Upper deck repair. 

3. 4JZ Forward repair. 

4. 5JZ After repair. 

5. bJZ Amidship repair. 

6. 7JZ Engineer’s repair. 

7. 8JZ Flight deck repair. 

8. 9JZ Magazine sprinkling and ordnance repair forward. 

9. lOJZMagazine sprinkling and ordnance repair aft. 

10. IIJZ Superstructure repair. 

11. X2JZ Damage and stability control, auxiliary control, 

auxiliary circuit. 

12. X40J Casualty communication circuit. 

13. 3JG Aircraft service. 

14. 5 JG Aviation ordnance. 
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15. 7 JG Conflagratioii control. 

16. J A Captain's battle circuit. 

17. IJV Maneuvering, docking, and catapult control. 

18. 2 JV Engineer’s (main engines). 

19. 3JV Engineer’s (boilers). 

20. 4JV Engineer’s (fuel and stability). 

21. 5JV Engineer’s (electrical). 

22. JL Lookouts (surface and sky) . 

In some instances the damage control announcing system 
(4MC) and the general announcing system (IMC) are used 
for damage control communication. Units located at various 
stations serve both as microphones and speakers. An advan- 
tage of this system is that orders or information can be heard by 
all hands present , thus eliminating possible error by the station’s 
talker. The system is dependent, however, upon the ship’s 
electrical circuit for power and is, therefore, more subject to 
battle damage than are the sound-powered circuits. 

MATERIAL CONDITIONS 

Navy vessels maintain different material conditions according 
to whether contact with the enemy is improbable, probable, or 
imminent. Each condition represents a different degree of 
tightness; the ship may be fairly well opened up when there is 
little danger of damage, but it will be closed up as much as 
possible when the danger is great and immediate. All doors, 
hatches, valves, and other fittings of damage control value are 
classified and marked, and these designations tell what fittings 
must be closed for each material condition. 

Battleships, large carriers, and heavy cruisers have three 
material conditions — X-ray, Yoke, and Zebra; smaller ships 
may have only two — Able and Baker. Here is the material 
condition picture in table form. 


Condition j 

Larger Ships ' Smaller Ships i 


Damage Is — 


X-RAY I i Improbable. . 

YOKE I BAKER i Probable . . . 

ZEBRA j ABLE 1 Imminent . . . 


Close Fittings Marked — 


X. 

|X and Y. 
jX, Y, and Z. 


Some doors, hatches, and valves must be left open during 
battle, and they are designated W (William). 

COMPARTMENT CHECK-OFF 

The compartment check-off list is an itemized list of all 
hatches, doors, valves, and other classified fittings that are 
used in damage control for setting up material conditions. It 
shows the name, location, purpose, and classification of each 
fitting and states who is responsible for its proper operation. 
An appropriate list is permanently posted in each compartment. 
A master copy of each list is kept in the damage control office. 
You must know the check-off list for each compartment in 
your assigned zone. 

DAMAGE REPAIR 

Repairs in action are strictly emergency. You’ll have to use 
whatever material is at hand. Think and improvise. Remem- 
ber-— -the important thing is to keep the ship afloat. 

Battle damage you’ll have to worry about includes hull 
ruptures, punctured bulkheads, flooded machinery spaces, 
warped doors, ruptured decks, leading pipes, weakened struc- 
tures, and wreckage which interferes with the ship’s functions. 
Many other types of damage too numerous to mention will be 
encountered. Just remember that in combat, personnel casual- 
ties could occur that would leave you in charge of a damage 
control party. Take every opportunity to learn damage control. 

HOLES AND PATCHES 

Small holes in the underwater hull result from near miss 
bombs or violent explosions in other parts of the ship. 

Temporary repairs may be made by driving wooden plugs or 
wedges into small holes. Use bare, soft wood because it soaks 
up water, swells, and holds the plug or wedge firmly in place. 
Painted wood will not do this. 

If you wrap the plugs with cloth you’ll get an additional seal , 
Oakum may be driven into the blank spaces between the plugs. 
Square end plugs hold better than conical-shaped plugs. 
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FREFABRiCATED HINGED 
STEEL PLATE WHICH ■ 
CAN BE FOLDED TO GO 
THROUGH A HOLE. 

USE WITH A PILLOW. OR 
OTHER GASKET. 
RECOMMEND SIZE UP TO 
IS" DIAMETER. 



Figure 370. — Folding plate patch. 


Wedges should not be driven into cracks because they will 
cause the cracks to enlarge and expand. Before you try to fill 
a crack, drill a small hole at each end of the crack. Plug these 
holes with wood or with machine screws. Then lay a flat piece 
of rubber or canvas over the crack, back it up with a board, 
and hold the patch in place with shoring. This type of patch 
must be inspected frequently, as it tends to shift and slip as the 
ship works. 

Large holes through which water is pouring aie difficult to 
control. The only control may be to isolate the damage and 
confine it to as small an area as possible. 

Hull holes above the waterline may be more dangerous than 
they look. When the. ship roils these holes may admit water 
into spaces above the center of gravity and reduce the stability 
of the ship. Holes like this are given high priority. They are 
not difficult, to patch. , Either inside or outside patches may !)e 
used on them. Inside patches may })e made with pillows and 
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mattresses, backed up with boards or mess table tops, and 
shored in place. 

A good outside patch can be made with a pillow or mattress 
which has a hole punched in the center, like the one in figure 
370 . The back-up board must also have a hole in the center. 
A stout line is passed through the padding and board and knot- 
ted securely behind the board. The entire patch is then placed 
on the outside of the hole, the line being passed through the hole 


FOLDING T IN PLAGE OVER A JAGGED SHELL 
HOLE. THE PILLOW MAY BE INSIDE 


-WASHER 


HINGED 


CANVAS (STUFFED) PLANK- 
OR PILLOW DRILLED 


THE T CAN BE FOLDED TO 
GO THROUGH A SHELL HOLE 


Figure 371.“ Folding T-bolt patches. 
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and secured to a stanchion on the inside. The line can be tight- 
ened with a Spanish windlass. 

A special prefabricated folding T-bolt patch has been 
developed for use over relatively small holes. The stock of the 
T is threaded and fitted with a washer and nut . A board and a 
pillow, each with a hole in the center, slide over the stock. The 
assembly can be folded, pushed through the hole, and tightened 
on the inside. 

A simple type of patch you can make for large holes is just a 
steel plate with a hole drilled through the center. A knotted 
rope is passed through the hole and used to secure the patch 
when it is installed, A pad-eye with a long handling line should 
be installed on the edge of the patch for lowering it on the out- 
side of the hull. The handling line is also used to support the 
patch after installation. A rubber gasket forms a seal between 
the patch and the hull. One vessel reported that it returned to 
base with 84 of these patches in place. Sizes up to five feet in 
diameter have been used with success. 

Another patch, especially suitable for holes with jagged edges 
sticking inboard, is a miniature cofferdam or open box. It may 
be made of either wood or metal. The wooden version is usually 
18 inches square and 6 inches deep. It can be shaped to fit the 



STEEL BOX LEAK 
STOPPER OF ONE 
QUARTER INCH 
PLATE WITH GAS- 
KET AROUND EDGE 


CUT-AWAY SECTION 
SH0Wi^4G BOX 
STOPPER m PLACE. 


THE STEEL BOX 
MAY BE WELDED 
IN PLACE, .WITH 
ANGLE CLIPS. • 


Figure 372. -: — Box patches. 


contour of the hull, fitted with a rubber gasket, placed over the 
hole, and shored in place. The steel boxes are welded with 
angle clips.. 

As a result of bomb or collision shock, or structural distortion, 
a variety of small leaks may appear. These occur around tubes, 
piping, and loose rivets, and where angle irons have been pulled 
from decks and bulkheads. Many leaks of this kind can be 
repaired permanently as soon as they are reported. 

Some minor leaks can be stopped by driving lead slugs, wires, 
or plugs into them. Plugs cut from sheet lead are effective in 
stopping leaks where plate has pulled loose from its rivets. 
Avoid welding a damaged riveted joint. The heat of welding 
may tend to spread the trouble to a larger area. 

Rivets and bolts can be used to fill small holes, if you have 
access to both sides of the bulkhead. Machine screws can be 
tapped into small holes which are accessible from only one side. 

STRENGTH MEMBERS 

Beams, frames, decks, and most bulkheads are strength 
members of the hull structures. If they give way or become 
weakened, the hull may collapse or break. Small vessels may 
not have the necessary equipment for extensive repairs. Some 
help can be afforded by shifting weights and by shoring. 

Larger ships will have suitable equipment and stores for 
making extensive repairs. Beams and frames can be patched 
and strengthened by bolting and welding reinforcing bars and 
plates along the webs. 

SHORING 

Shoring is the bracing of members (or patches) so they will 
withstand excessive pressure. Most shoring is done with 4 x 4 
timbers. In emergency, such gear as mess tables, lengths of 
piping, and steel bars are used. Some ships carry adjustable, 
telescoping shores. Others have angle bar shores which can be 
tack-welded iri place. 

It's improbable that any two shoring jobs will ever be handled 
in the same manner. Common sense and good judgment are 
essential. 
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Use the following principles as guides: 

1. Bulkheads should be shored to decks, to beams overhead, 
or against stanchions and hatch combings . It is important 
to allow a three-point distribution of forces. 

2. Exert every effort to avoid damage to flanges, bulkhead 
stiffeners, or deck beams. Too much pressure may cause 
damage to other bulkheads and decks. 

3. Avoid breaking calked seals, 

4. Use unpainted wedges and donT force them too much. 
If decks are oily, sprinkle dry sand under the wedges. 

5. Place shores so that the pressure they receive will produce 
direct compression and not cross-axial pressure. 

6. Do not place a shore under such great compression that 
it will bow. Instead, install several shores at close 
intervals. 

7. Look sharp w^hen a shore under compression begins to bow. 
It may snap at any time. 

8. Use nails and cleats to lock a shore in position if there is 
any danger of its jumping out as the ship works. 

9. Distribute the pressure on a bulkhead or deck over a wide 
area by use of strongbacks. 

10. Back up each strongback with a number of shores against 
undamaged strength members of the ship’s structure, suc' 
as hatches, stanchions, machinery foundations, or frames. 

11. If the pressure on a deck or bulkhead is so great that the 
next deck or bulkhead (used as an anchorage) cannot 
safely absorb all the pressure, carry the shoring along to 
the next deck or bulkhead, or even farther if necessary. 

12 Use chainfails, blocks and tackle, or jacks to move heavy 
weights back into their original position. 

Learn what tools are available in the shoring chests and repair 

lockers and be sure you know how to use them. 

ENTERING CLOSED COMPARTMENTS 

Watertight doors, hatches, manholes, and scuttles should be 

opened only after you have made sure that the compartment is 

dry or so little flooded that no further flooding will be produced 
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by opening the closure. Extreme caution must be observed in 
opening closures below the waterline in the vicinity of the 
damage. 

If the compartment to be entered is provided with a sounding 
tube, back off slowly on the cap or plug to the tube. If there is 
a rush of air around the threads while the cap is still under 
control, resecure the cap. The rush of air indicates that the 
compartment is being flooded. To permit the air to escape 
would allow more water to enter the compartment. If water 
trickles out around the threads while the cap is still under 
control, resecure the cap. This indicates that the compartment 
is completely flooded. To remove the cap would produce 
flooding of an upper compartment with possibly serious conse- 
quences. Report all flooded compartments as soon as they are 
discovered. 

Many compartments are not provided with a sounding tube. 
Tapping on the bulkhead with a hammer at various levels will 
often disclose the exact height to which a compartment has 
become flooded. You should occasionally tap a biflkhead for 
practice to become familiar with the sound of an empty com- 
partment. 

Another method is to back off on the air-test cap. The same 
"'.recautions should be followed as in the case of opening a 
sounding tube. Do not lose control of the opening. 

If the compartment contains drain lines, you can test the 
space by suction on the lines. If water shows at the pump dis- 
charge, the compartment is flooded. If the check valve rattles, 
the compartment is dry. ’Wflien using this method, make sure 
the drain suction line is not ruptured between the pump and the 
compartment being investigated. 

Sometimes it becomes necessary to test a compartment by 
backing off slowly on some of the dogs of a door or a hatch to 
the space in question. Slack up slightly on the dogs on the 
hinged side. If water is present, it will trickle between the 
gasket and the knife edges on that side. Control of the opening 
is still maintained by means of the hinges' and the opposite dogs. 
Never loosen the dogs opposite the hinges first. If you make 
this mistake, excessive pressure on the other side of the biilk- 
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head may spring the door or throw it open, with the resultant 
rapid flooding of an additional compartment. 

Before entering a closed compartment, you must make sure 
that the working atmosphere is safe. If yom work in the com- 
partment might cause a spark or flame, check the air with an 
explosimeter or hydrocarbon vapor indicator. You will thus 
be made aware if a dangerous concentration of explosive gases 
is present. Check the oxygen content of the air in the compart- 
ment by introducing a safety lamp. If the light burns without 
interruption, there is sufficient oxygen. Otherwise, oxygen 
breathing apparatus will be necessary, or it will be necessary to 
ventilate the compartment before entering. 

WRECKAGE REMOVAL 

Wreckage that interferes with the fighting efficiency of the 
ship must be cleared quickly. Loose Avreckage may be removed 
by hand. Many pieces and objects will require cutting or 
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breaking. Power chisels, air hammers, and acetylene cutting 
equipment are best for clearing extensive damage. The use of 
cutting torches is discussed in the chapter on the cutting of 
metals. When power is out, it may be necessary to use mauls, 
sledges, axes, heavy cold chisels, rivet bars, and pinch bars. 

Sometimes it’s necessary to remove burning bedding, stores, 
and supplies. For this work a devilVclaw is handy. It is a 
rake with three steel claws and an 8 -foot handle made of ^-inch 
steel pipe. . 

Fire extinguishers, hose, and rescue gear should be kept at 
hand when you are clearing wreckage. If you don’t play safe 
you nQ.ay cause additional damage and loss of life . 

KINDS OF FIRES 

Different types of fires are combated by different means: 
water used in a solid stream or as a fine spray called fog ; a 
mechanical or chemical foam; a combination of fog and foam; 
CARBON DIOXIDE (CO2) ; 01* STEAM. If you Understand which of 
the above methods to use against a specific type of fire and 
the purpose behind it, you will be a valuable asset to the dam- 
age control gang. 

Fires have been classified into three general types: 

Class A fires are fires in ordinary combustible materials 
■ •such as bedding, clothing, wood, canvas, rope, and, paper) 
-where the cooling effect of water is of first importance in ex- 
tinguishment. The chief characteristic of class A combustibles 
is the embers or ashes remaining after burning. Such material 
must be cooled throughout the entire mass before extinguish- 
ment is complete. 

Class B fires are fires in inflammable liquids (such as gaso- 
line, oil, grease, paint, and turpentine). Materials of this type 
burn at the surface where the vapors are given off, and a smother- 
ing or blanketing of the burning liquid is essential for extinguish- 
ment. Foam, CO2, steam (in bilges), and a combined use of fog 
with foam are effective in smothering this type of fire. 

Class C fires are fires in electrical equipment where 
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the use of a “non-conducting” extinguishing agent is of 
first importance. In most electrical fires it is necessary 
to de-energize the circuits before any progress can be 
made. Carbon dioxide (CO2) is a non-conductor of 
electricity and will not damage electrical equipment. 
Water fog would be the second choice in extinguishing 
an electrical fire but may cause damage to the gear. 

The following table shows the extinguishing agents 
used in fighting different kinds of fires. The agents are 
listed in the order of preferred use. 


COMBUSTIBLE ' 

CLASS 

FIRE 

EXTENT 

■ EXTINGUISHING ' 

• AGENTS , 

Woodwork, bed- 
ding, clothes, 
combustible 
stores. 

A 

Small 

Solid water stream. 
Low-velocity fog. 
High-velocity fog. 

Portable CO2 extinguishers. 

Large 

High-velocity fog. 
Low-velocity fog. 

Solid water stream. 

CO2 (fixed system). 

Films, celluloid, 
etc. 

A 


Water immersion. 

Solid water stream. 
High-velocity fog. 

Explosives-- 

A ,! 

1 Small 

Water immersion. 

Magazine sprinkling. 

Solid water stream. 

Large | 

Water immersion. 

Magazine sprinkling and 
flooding. 

Solid water stream. 

Incendiary bombs— 

A 


(Throw overboard). 
High-velocity fog. 

Sand. ■. 

Gasoline 

B 

Small: 

Portable' CO2 extinguishers,' 
Foam..' 

Fog-foam. 

Low- velocity fo g (to prevent 
'Spread)'.' 

Installed fog spray (to pre- 
vent spread). 
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COMBUSTIBLE 

CLASS 

FIEE 

EXTENT 

EXTINGUISHING 

AGENTS 

Gasoline. 

B 

Large-.-- 

Foam. 

Fog-foam. 

Fog-spray. 

CO2 (fixed system). 

High-velocity or low-veloc- 
ity fog (to prevent spread) . 

Installed sprinkling system 
(to prevent spread). 

Water curtains (to prevent 
spread). 


Kerosene, fuel oil, 
and Diesel oil. 

B 

Small 

Portable CO2 extinguishers. 
Low-velocity or high-veloc- 
ity fog. 

Foam. 

Large 

Foam. 

Fog-foam. 

High-velocity fog. 

CO2 (fixed system). 

Steam smothering. 

Paints, spirits, in- 
flammable stores. 1 

B 

Small - 

Portable CO2 extinguishers. 
Low-velocity or high-veloc- 
ity fog. 

Foam. 

Large 

CO2 (fixed system). 
High-velocity or low-veloc- 
ity fog. 

Foam. 

Installed sprinkling system. 
Steam smothering. 

Electrical and radio 
apparatus. 

c 

Small - 

(De-energize affected cir- 
cuits). 

Portable CO2 extinguishers. 
High-velocity fog. 

Large-.-- 

(De-energize affected cir- 
cuits). 

Portable CO2 extinguishers 
or CO2 hose reel system. 
High-velocity fog. 

Foam application. 



FIRE-FIGHTING EQUIPMENT 


The principal kinds of fire-fighting systems and equipment- 
some INSTALLED, some PORTABLE — iiiclude these; 

Forcible entry tools. 

Fire main system. 

Navy all-purpose nozzles. 

Foam equipment (mechanical and chemical). 

Fog sprays. 

CO 2 extinguishers (fixed piping, hose reel, and portable types) . 
Handy billy, P-50O, and other pumps. 

Steam smothering system (for bilges). 

Oxygen breathing apparatus, hose (air-line) mask, and as- 
bestos suits. 

Do you know where this equipment is located? How it is 
operated? How it works? Why it works? If not— find out. 
It’s your job to know ! 


FIRE-MAIN SYSTEM 


There are two couplings on each length of hose-a rnale 
■oupling at one end and a female coupling at the other . Other 
■ouplings that you will use include double female couplings for 
■onLcting two male couplings or for making up jumper-line 
blies in repairing a damaged fire mam; double male coup- 
for joining two female couplings; and mcreaser couplings 


for connecting the female end of a 2K-inch hose to a IJ^-inch 
outlet.' • 

Connected to fire plugs, and stored in adjacent racks, you 
will find two lengths of either IJ^-mch or 2 J^-mch hose. (Only 
one length of hose is racked adjacent to fire plugs in machinery 
spaces.) The 13^-inch hose is used on smaller ships, and below 
decks on larger ships. This hose is made up in 50-foot lengths, 
with the necessary end couplings. All threaded parts of fire-hose 
fittings and couplings have standard threads and are easy to 
connect. 

Two men working together can connect fire hose in a hurry. 
You can do the job alone if you place the hose on the deck and 
press it down with your foot just behind the coupling. The 
pressure of your foot will cause the metal coupling on the end 
of the hose to point upwards so that- you can screw on the nozzle 
or other coupling. 

To connect threaded parts, take a half-turn to the left to set 
the threads, and then turn to the right until the joint is tight. 
Be careful not to cross the threads. Final tightening with a 
spanner wrench is not necessary if the fittings and gaskets are 
maintained in proper working condition. A spanner wrench 
should be used, however, on suction hose. 

Fire hose is usually faked on a bulkhead rack near a fire plug. 
Nozzles, applicators, and spanner wrenches are racked on the 
bulkhead near the hose. 

When two lines are faked separately on the bulkhead, one is 
connected to the fire main and the other is left unconnected. 
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Always fake the lines with their ends hanging down so that 
they will be ready for instant use. The end of the line should 

be equipped with an all-purpose nozzle. 

To stow a hose, lay it out straight, double the male end back 
until it I'eaches to within four feet of the female end, start 
rolling the hose at the fold, finish the roll, and secure it with 
a small line or strap. You will thus have the female end on the 
outside end and ready for connecting— the male end will be 

inside where its threads are protected. 


ALL-PURPOSE FIRE NOZZLES 


The Navy’s all-purpose nozzle can produce either fog or a 
solid stream of water. This type of nozzle is available for both 
1^- and 2J4"in‘Ch hose. It can be adjusted or shut off quickly 


and easily by means of a lever. . , , * 

Fog comes out through an opening in the lower part of the 
nozzle. When a straight stream is used the water shoots out of 


the upper part, above the fog outlet. 

The all-purpose nozzle is usually set to pr 


oduce a high-velocity 



OUTLET FOR 
STRAIGHT STREAM 


FOG OUTLET 


HIGH VELOCITY 
NOZZLE TIP — 


All-purpose nozzle, 








FOG POSITION 


HIGH VELOCITY FOG 


Figure 377. — High-velodfy fog. 


fog. For this use^ a removable, high-velocity nozzle tip is in- 
stalled in the fog outlet 

For a low-velocity fog, remove the high-velocity nozzle tip 
and replace it with an applicator equipped with a fog head. 
Three applicators are shown in figure 378 . With this set-up 
you can still get a solid stream of water by pulling the nozzle 
control handle all the way back. 










Figure 378 ■ — StandardI applicators, 


FOAM DEVICES 


Foam fire-fighting devices generate either chemical or mechan- 
ical foam. Chemical foam is produced by mixing a powder and 
water in a hopper-type mixer. Mechanical foam is produced by 
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a liquid preparation which is mixed with water by means of the 
A^-type proportioner on the handy billy, a pick-up tube on the 
nozzle, or in a duplex proportioner. In each case the foam is 
made with chemicals. The difference between the two types is 
that mechanical foam is created by adding air to water that 
contains foam liquid, while chemical foam is created by the 
reaction of the chemical powder to water. 

Chemical foam is produced by the continuous-type foam 
generator, which consists of an open hopper with an ejector at 
the bottom. Fifty-pound containers of dry chemical foam 
mixture are emptied into the hopper, one after the other, as 
you fight a fire. A stream of salt or fresh water under pressure 
passes through the ejector, where it picks up the foam powder. 
From the ejector the stream of water containing chemicals 
passes through 21^-inch hose line that should be at least 100 
feet, but not more than 150 feet, long for thorough mixing. 
The outlet end of the hose should be equipped with a nozzle 
that is 1 ^ inches in diameter. 
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The continuous-type generator uses approximately 1 00 
pounds of foam chemical per minute, which makes about 800 
gallons of chemical foam. The ejector is designed so that the 
passing stream of water will drain the proper quantity of foam 
chemical into the stream regardless of water pressure. The 
Navy also uses three portable devices which produce mechan- 
ical foam for fighting fires-— 

1. Duplex pressure proportioner (portable or installed), 

2. Straight-type pick-up tube proportioner (portable with 
pick-up tube attached directly to mechanical foam nozzle.) 

3. iS-type proportioner (for use with gasoline-engine-driven 
handy billy pump) . 

Each of these devices uses a mechanical-foam nozzle. This 
nozzle has a 21-inch length of flexible metal or asbestos com- 
position hose. It is two inches in diameter, has a solid metal 
nozzle outlet, and a suction chamber and airport in the butt 


Figure 380. — Mechanical-foam nozzle and pick-up tube, 




end. The foam that is discharged is- a mixture of water, liquid- 
foam solution, and air. ■ 

One, of the- most 'Common fire-fighting devices abroad, ship, is 
the duplex pressure proportioner.' It is an installed or portable 
duplex cylinder which holds a mechanical-foam solution that is 
added in the proper proportion to the water stream. 

-SECTION 8~B 

DUPLEX PRESSURE PROPORTIONER 

-SECTION C — C CROSS-SECTION SHOWS LOWER 
COMPARTMENT IN OPERATION 

■? © filling SHAFT 

<D WATER 
©) SYPHON TUBES 
MALE @ VENT TUBE 

d) BASESfAT MID-SECTION)OF UPPER 
AND LOWER COMPARTMENTS 

^94% WATER 

6 % AEROFOAM ORIGINAL LOCATION OF 

-is /UPPER AND LOWER 

\\©f DRAIN VALVES 

\\ ^ FILL CAP FOR 

^ j lower compartment 

„ /{I 5 U'i J V COMPARTMENT 


PROPORTIONING nqcn) 
VALVE HANDLE tCLObED) 

(LOWER) 


WATER 


I-- FEMALE 


. w .. \ ^ / PRESENT LOCATION-^ 

\n Art XoF upper and LOWER 
^ ^ ® XL DRAIN VALVES 

SECTION A-A TOP VIEW 

Figure 381.-— Duplex pressure proporfioner. 

The other two mechanical-foam devices make use of a pick-up 
tube, which is a short piece of 5^-inch pipe with a short length of 


MECHANICAL 
FOAM , 
NOZZLE li”. 

FOAM PIGK-UP 
TUBE 


Straight-type pick-up proporfioner. 


Figure 382. 
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rubber hose on one end. Figure 382 shows the arrangement by 
which the pick-up is joined to the mechanicahfoam nozzle in 
the straight-type pick-up tube proportioner. 

The pick-up can also be used with a handy billy pump if it is 
attached properly. In this system (^S-type suction propor- 
tioner) the foam liquid is dra^\m into the suction chamber of 
the handy billy and forced into the water stream. 



Aircraft carriers have been equipped with a high-capacity 
FOG-FOAM SYSTEM. This system consists of foam proportioners 
which inject foam liquid into auxiliary fire-main risers. The 
number of proportioners varies from 15 on the larger ships to 
5 on the smallest. All of these proportioners have a capacity 
of IjOOO gallons per minute. The operation of the proportioner 
consists principally of the proper use of the control valve. This 
valve has three positions — off, prime, and foam. In the off 
position the proportioner acts as a water pump. In the prime 
position air is eliminated from the foam-liquid piping. In the 
FOAM position the suction of the foam pump is connected to the 
source of foam liquid, and its discharge is directed into the t^am 
service-line riser, where it is mixed with the water. 

SPRINKLING SYSTEMS 

Sprinkling systems are installed in magazines, turrets, hand- 
ling rooms, spaces where flammable materials are stowed, and, 
in some ships, in airplane hangar spaces. This system is con- 
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nected by hose lines to fire plugs of the fii^e main. The system 
is not usually automatic. If it is not automatic, valves must be 
operated by hand. In most cases, however, they can be oper- 
ated at a distance by reach rods or by some power-driven 
mechanism. 

FIXED FOG-SPRAY INSTALLATIONS 

Fixed fog-spray installations are used aboard certain types 
of naval vessels — such as carriers, transports, and cargo ships — 
where there is great danger of gasoline fires. 

The installation is made up of overhead fixed piping equipped 
with fog heads. 

For operation, the system is connected with 2 J^-inch hose to 
a convenient fire plug. The system is not automatic. 
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CARBON DIOXIDE {CO2) EXTINGUISHERS 

Carbon dioxide extinguishers are used mainly in putting out 
electrical fires. They are effective, however, when used on 
burning fuel oil, gasoline, alcohol, and paint. 

The portable extinguisher holds 15 pounds of CO 2 by weight. 
Carbon dioxide is released by squeezing the release lever. This 
is the standard Navy type; however, you may still encounter 
some of the older types operated by handwheel. 

When CO 2 is released from the container, it expands rapidly 




to 450 times its stored volume. This rapid expansion causes 
the temperature to drop to 100® below F. Most of the liquid 
carbon dioxide is vaporized to gas, but some of it forms snow. 
Don’t touch this snow. Its very low temperature will blister 
the skin and cause painful burns. 

GO 2 is most effective in a confined area. If there is wind or 
a draft, work so that the carbon dioxide will be blown or sucked 
over the fire, not away from it. Large ships have installed 
cylinders containing 50 pounds of carbon dioxide. These 
cylinders are connected to a manifold and used with a hose and 
reel or a fixed piping sytem. On the newer installations these^ 
cylinders are operated with a Navy standard, Type I, Class 
C valve. 

When you are using CO 2 , keep the compartment closed 
AND secure the VENTILATION to prevent unnecessary dilution 
of the CO 2 . Except in an emergency, the fire-fighter should not 
open a compartment flooded with CO 2 for at least 10 minutes 
after it has been flooded . This delay is a precautionary measure 



Figure 385. — Portable CO 2 extinguisher with squeeze type release valve. 
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to give burning substances timo to cool down below tbeir ignition 
temperatures, and thereby prevent their re-ignition upon read- 
mission of air. 

CO 2 in high concentrations will produce asphyxiation. It 
will cause suffocation as rapidly as it will smother a fire unless 
proper precautions are taken. Don’t use it unless you know 
what you are doing. A compartment flooded with CO 2 may be 
entered if you use an approved Navy oxygen breathing appa- 
ratus or hose (air-line) mask. Otherwise, it should not be 
entered until a safety l.amp, lowered into the compartment, 
burns without interruption. Do not use a cannister-type 
gas mask as it merely filters the air without adding the neces- 
sary o.xygen to it. 

THE HANDY BILLY 

The handy billy is a lightweight, compact, fire-fighting 
apparatus complete with rotary-type pump, driven by a two- 
cycle, two-cylinder, gasoline engine. The pump, engine, fuel 
tank, and other necessary accessories are mounted on a com- 
mon base. All are inclosed in a tubular .steel frame. The com- 
plete unit weighs 106 pounds and can be handled by one man. 
Each unit is equipped with an S-type foam proportioner and 
provided with three 10-foot lengths of 2-inch suction hose, a 
suction strainer, one 10-foot length of I M-inch exhaust hose, and 
one mechanical-foam nozzie. 

A handy billy with a suction lift of approximately 20 feet is 
designed to deliver 60 gallons of water per minute at a discharge 
pressure of^ 100 pounds per square inch when operating at a 
speed of 3,500 rp.m. (revolutions per minute). Increased pres- 
sure will cause the speed of the engine to drop, while 
pressure or loss of suction will cause the motor to race. It 
advisable to allow the engine to race because inadequate 
and lubrication may cause serious damage, Seric. . 

the unit would result from improper lubrication . XeveJ'^^Si 
this unit below decks without arranging to pipe 

above decks or to run it through water to eliminate the toxL 
gases. 



PORTABLE PUMPER WITH AERO 
FOAM EQUIPMENT CONNECTED 


PORTABLE PUMPER 
; WITH WATER 
:HOSE CONNECTED 


I Itl ' PORTABLE PUMP 

„.,iJ portable centrifugal-type water pump is driven by 
compact two-cycle, four-cylinder, water-cooled, gasoline 
engine of special design. This pump is intended primarily to 
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Figure 387. — The P-500 portable pump. 


supply water for fighting fires, but can be used foi such jobs as 
removing water from flooded compartments and bilges. 

This pump delivers 500 gallons of water per minute at 100 
pounds per square inch mth a suction lift of 16 feet. With an 
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eductor the lift may be increased to 50 feet or more, but the 
water delivery drops proportionately. 

With a standard all-purpose nozzle, the P-500 pump can 
supply six 1 J^-inch hoses with a pressure of 100 p.s.i. 

Suitable means must be provided to carry the poisonous 
exhaust gases into the clear . A standard 2 J^-inch rubber suction 
hose is coupled to the exhaust outlet to remove the gases. 

The speed of the engine and the water delivery pressure are 
controlled by a special pressure regulator, which is usually set 
for 100 p.s.i. Before the pump is placed in operation it must be 
primed. Refer to the manufacturer’s manual supplied with the 
pump for instructions on operation and maintenance. 

EDUCTORS 

Eductors may be used with the P-500 pump for un watering 
compartments or for fighting fire thus enabling the pump to lift 
water more than 16 feet. Figure 388 shows how the eductor is 
hooked up. 
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The eductor is lowered into the water. The suction hose, 
pump housing, and pressure hose are primed by the bucket 
method. The Y-valve connected to the eductor is kept open at 
all times. The engine is started, and when the pressure reaches 
75 pounds or more, the other Y-valve (connected to the outlet) 
is slowly opened. Operating on the jet principle, the eductor 


948841 0 — 51 - 


-35 


541 



assures a constant' flow through the suction hose and a constant 
suction through the strainer. 

The eductor may also be connected to a firemain for unwater- 
ing a compartment. 



STEAM SMOTHERING 

Oil and gasoline fires in confined spaces can be put on'- 
steam. The steam smothers the fire in much the same Kiaiiuy'. 
as does fog. Steam, however, is generally used or^ 
resort — when ether such methods as foam or fog are no., 
able. The use of steam involves the danger of injury to 
sonnel or damage to equipment. Fires in Class 
may be brought under control with steam but cannot be coni- 
pletely extinguished without the use of water. Learn the loca- 
tion of all control valves for the steam-smothering system on 
your ship. 
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SPECIAL PROTECTIVE EQUIPMENT 

The Navy believes in protecting its fire fighters. This pro- 
tection includes the use of — 

1 . Oxygen-breathing apparatus (three types) . 

2. Hose (air-line) MASK. ■ 

3. Asbestos suits. 

4. Safety lines (steel-wire) . 

The two types of Navy breathing apparatus that enable the 
wearer to work safely in a gas-filled compartment are called 
type A-1, and patrol type. Each of these devices is self-con- 
tained— a “closed circuit” in which oxygen is “generated” for 
breathing. So long as your breathing apparatus is working, 
you don’t need any outside air. 



Each breathing unit must have an oxygen supply, a means 

FOR COOLING EXHALED AIR, and STORAGE SPACE FOR “RECON- 
DITIONED^ AIR (BREATHING BAG) . 

Each type of apparatus has a special canister which contains 
chemicals. These chemicals absorb CO 2 and water vapor from 
the exhaled air, producing a chemical reaction which provides 
you with a fresh supply of oxygen. 

Navy Oxygen Breafhing Apparatus^ Type A-1 

Before donning the apparatus, see that the end of the belt 
strap is out of the belt buckle, and that the shoulder strap on 
this buckle side of the apparatus is not snapped on to the body 
plate; and see that the colors (red, green, and yellow) match on 
all the tube connections having these colors for identification. 

Put your arms through the armholes, snap the unattached 
shoulder strap onto the body plate, and insert the belt end in 
the buckle. 

Adjust the height of the apparatus on your body by means 
of the metal slides on the shoulder straps. This height should 
be such that when the facepiece is put on, the breathing tubes 
will have enough play in them to permit free movement of the 
head, and the timer dial will be at the proper distance from the 
eyes. Adjust the belt strap to a comfortable fit. 

Place a canister of chemical in the apparatus. The procedure 
is as follows: Remove the metal tear-off cap from the top of the 
canister by pulling the metal tab across the cap and then pulling 
off the cap. The removal of this cap will reveal the metal-foil 
seal below. The canister is now ready but the seal for the 
moment is unbroken. On the apparatus, turn the hand wheel 
counterclockwise, to the down position. This wheel is U6\iito 
turn a screw through a supporting bail, or yoke, for the purpose 
of pushing the canister into place in the canister guard and 
ing it there. With the screw turned down completely to Are'ai 
the bottom of the canister guard, pull the bail forward until an 
unobstructed passage is made for the insertion of the canister. 
With your free hand, grasp the canister by the bottom and, 
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keeping the bulged side out , push it as far as it will go into the 
canister guard. (It will be stopped just short of making contact 
at the top of the chamber of a ^^canister stop^^ on the upper left 
side of the chamber, which will be released later by hand.) 
Swing the bail back into place, and lock the canister into the 
chamber, firmly but not too tightly, by turning the hand wheel 
clockwise. The apparatus is now ready for patrol, or standby 
service; you still breathe outside air as the facepiece is not being 
worn at the time. 

To put the breathing apparatus into actual service operation, 
as in a gas-filled compartment, relieve pressure on the canister 
by turning the hand wheel counterclockwise, just enough to 
permit ordinar}^ hand pressure to release the canister stop, and 
thus clear the way to the top of the chamber. Turn the hand 
wheel clockwise until a tight contact is made with the canister 
top against the recess in the plunger housing, where a gasket 
assures a leakproof seal. (It is at this time that the metal-foil 
seal is punctured.) 

Adjust the straps of the facepiece to ail approximate fit. Pull 
out tlie headband straps, especially the lower or cheek straps, 
so that the ends are at the buckles; blow out the dust; insert the 
chin well into the lower part of the facepiece, and pull the head- 
bands back over the head. To get a firm and comfortable fit 
against the face at all points, adjust the headband as follows: 

(a) See that the straps lie flat against the head. 

(5) Tighten the lower or neck straps. 

(c) Tighten the side straps, but do not touch the forehead or 
front straps. 

(d) Place both hands on the headband pad and push it 
towards the neck. 

{e) Repeat operations (h) and (c) . 

(f) Tighten the forehead or front straps. 

(g) Test for tightness of the facepiece by pinching both 
breathing tubes and inhaling . 

If the facepiece collapses, it is airtight. If it does not, further 
adjustment is necessary. (With the facepiece in position, the 
wearer is cut off from the outside air, and he has only the air in 



his lungs. He must draw more air into the apparatus at once 
through the starter valve.) ' 

Use the following procedure to inflate the breathing bag and 
properly start the chemical reaction in the canister : 

(a) Grasp both breathing tubes with one hand, squeeze 
tightly, depress the starter valve and inhale deeply 
Release the starter valve and tubes and exhale deeply 
into the apparatus. 

(b) Repeat this procedure until the breathing bags are fully 
inflated (usually three or four breaths) . 

(c) With breathing bags full, exercise (by alternately squat- 
ting and standing, or by running or simulating running) , 
until approximately six complete inhalations and exhala- 
tions have been taken. 

(d) Pull the facepiece aside with one hand and deflate the 
breathing bags with the other hand. 

(e) Repeat steps (a), (6), (c), and (d) until the canister be- 
comes warm on top and bottom, then reinflate with fresh 
air and proceed with the work to be done. 

The chemical in the canister is started by the moisture and 
the carbon dioxide in the exhaled breath. When a man is work- 
ing or exercising, the output of moisture and carbon dioxide is 
greater. In cold weather, part of the moisture in the breath 
condenses on the interior of the facepiece and breathing tubes 
reducing the amount which comes in contact with the chemic*..*. 
This tends to prolong the starting time, which is augmented if 
canisters are abnormally cold when they are inserted in the 
apparatus. When the canister and apparatus have been in 
warm storage (60° F. or above), the starling time is relatively 
short. 

The CANISTER MUST BE PROPERLY STARTED AND CHECKED 
TOP AND BOTTOM FOR WARMTH BEFORE ENTERING ATMOSPHERES 
SUSPECTED OF CONTAINING AN OXYGEN DEFICIENCY, TOXIC GAS, 
OR SMOKE. Remember that you are entirely dependent on the 
air within the system; that is to say, in the apparatus and in 
your lungs. Precautions must always be taken to f ' * 
ratus in the above manner with enough air to keep a con»u^- 
supply of breathable air flowing to the lungs, a process that 
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cannot proceed without enough air to form a reserve in the 
breathing bag and to actuate the chemicals in the canister. 
Ii\ during the use of the apparatus, excess pressure develops in 
the breathing bag, it may be relieved by momentaril}" lifting 
the. edge of the, facepiece. , 

Turn the pointer on the timer dial clockwise to number 30. 
As the apparatus is used, the pointer will return to zero, at 
which point the warning bell will ring. If there has been no 
noticeable increase in resistance to breathing, reset the pointer 
for an additional 15 minutes’ work. 

When the warning bell rings, indicating a total of 45 minutes, 
return immediately to fresh air. (The wearer of Type A and 
Type jB can replace the spent canister with a new one while in 
toxic air; but the wearer of the patrol type, the Type A-l, or 
the oxygen cylinder type must return to fresh air.) 

To remove a spent canister, spread your legs apart; bend the 
upper part of the body forward so that the apparatus will fall 
clear; turn the hand wheel on the bail counterclockwise all the 
way down; with a quick forward motion, swing the bail out- 
ward, allowing the canister to fall to the deck. (Be sure to 
handle the canister only with suitable protection on the hands, 
since it will be very hot.) Do not allow any liquid to enter the 
opening of the canister, and do not hold the face over the can- 
ister opening. O.xygen in contact with oil is explosive. The 
;gh oxygen content and the high temperature of the chemicals 
in the canister will cause combustion ^of inflammable material 
on contact, especially if the material is moist. Expended or 
damaged canisters should be punctured in several places and 
thrown over the stern of the ship as soon after use as practicable. 
This disposal should not be made, however, if any oil or gasoline 
is evident upon the surface of the surrounding water, inasmuch 
as a canister dropped into water so contaminated may explode 
and the heat of the explosion may be sufficient to ignite the oil 
or gasoline. 

Hose (Air-Line) Mask 

; Aavy has recently authorized the use of a hose mask for 
fire fighting and damage control work, and this apparatus is 
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now standard stock. It is very effective and €an be constructed 
easily from the facepiece and breathing tubes of a regular Mark 3 
or Mark 4 'Navy-type gas mask. The hose mask provides 
breathing and eye protection in spaces contaminated by any 
type of gas or vapor, and in a space where there is a lack of 
oxygen . Ail that is needed is an air-line hose which will give a 
continuous supply of pure air to the facepiece at a pressure 
slightly above the surrounding pressure. 


BREATHING 
TUBES 


TEE CONNECTION 


HOSE CLAMPS 


OXYGEN HOSE 
COUPLING INSERT 
(SILVER SOLDERED 
TO TEE ) 


5/16" OXYGEN 
ACETYLENE HOSE 


-OXYGEN HOSE MALE 
COUPLING SILVER 
SOLDERED TO INLET 
SIDE OF VALVE 


OXYGEN HOSE COUPLING 
INSERT SILVER SOLDERED 
TO OUTLET SIDE OF 
VALVE V 


SHEET METAL 
? VALVE BASE 


rij^ JOO LB. 1/4" 
ANGLE VALVE- 
Figure 391. — Assembly of th 


. COMPRESSED AIR 

^ SUPPLY 

hose air-line) mask. 


The hose (aiiUine) mask^ w on frequent 

occasions where the conditions make it difficult to use the 
bulkier oxygen breathing apparatus. It should be part of every 
well-equipped repair party locker. One length of air hose (and 
of tender-line) should be attached to the mask at all times, kept 
neatly coiled and ready for instant connection to any of the 
available sources of air supply. 

The most common source of air supply is the low-pressure 
ship’s service line. Air can also be taken from an air flask. 
Never use an bottle with this equipment. A small 

amount of oil, grease, or oily water in the apparatus will com- 
bine with the oxygen, causing an explosion. 

Before entering a space filled with toxic gases or smoke with 
this mask, check to see that it is working properly. 

The air line and steel safety (life) line of the hose mask, and 
the steel safety line on any man wearing oxygen-breathing 
apparatus, must be closely tended at all times by a competent 
man. He must see that the lines do not become fouled or cut 
by jagged edges. It is necessary that the wearer and the tender 
be able to communicate with each other by means of signals, 
the standard signals being the diver’s signals. 

If possible, send in at least two men to work as a pair and to 
maintain visible contact with each other. Men in oxygen 
breathing apparatus should stand by for any emergency. 

Asbestos Suit 

Asbestos will not burn, but it does conduct heat. An asbestos 
suit, therefore, gives protection against flames for only a short 
tim It does, however, allow the wearer to move quickly 
through flame to effect a rescue or to do some other job that 
can be accomplished quickly. The su^ may be used with 
oxygen breathing apparatus worn outside. The wearer should 
be heavily clothed before putting on the asbestos suit. 

When a man is wearing an asbestos suit , it is seldom advisable 
to spray him with water while he is working on a fire, because 
the suit would become water-soaked and heavy. If, however, 
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you are directed to use that procedure, do not stop the stream 

OF WATER UNTIL THE MAN IS CLEAR OF THE FIRE AND THE SUIT 
HAS COOLED. If you stop the water after the suit is wet and 
still hot, the water will turn to steam and scald the man. The 
suit must be kept dry or else thoroughly wet at all times. In 
jhrmal practice, water is not played on the man while he is 
lighting the fire. In that case, do not spray him w^hen he 
COMES OUT OF THE FIRE, The hot suit would cause the water to 
flash into steam, and burn the man. 

Life Line 

The Navy life line is a 50-foot length of woven steel-wire 
cable with snap hooks at each end. The life line should be 
attached to the upper part of the body, preferably to the back 
of a shoulder harness. Never attach a life line to the waist. If 
pulled, the line might interfere with the stricken man’s breath- 
ing or injure him internally. 

REMEMBER 

Damage control is an around-the-clock job. Day or night, 
whether at war or at peace, your duty as a member of a damage 
control party never stops. In fact, the most effective damage 
control is that which is done before the emergency arises. 
Remember, it’s your job to: 

1. Keep THE SHIP afloat. 

2. Keep the ship under way. 

3. Keep the guns firing or ready to fire. 

4. Protect the lives of the crew. 


can be acCL answer to each of the following statements, 

oxygen 

r:‘ "“fiir'rWatertight doors are secured with — 

(a) Spring loaded hinges. 

(b) A handwheel. 

(c) Bolts. 

(d) Dogs. 

551 




2. A horizontal access door set in the deck but not operating with a 
quick-acting device is called a — 

(а) WT door. 

(б) Hatch. 

(c) Airport cover. 

(d) Escape scuttle. 

3. The tightness of access closures is usually dependent upon — 

(а) A rubber gasket and knife edge. 

(б) Rubberized sealing compound. 

(c) A knife edge and a groove. 

(d) Nonferrous retaining strips. 

4. The most satisfactory repair of an unevenly worn knife edge can be 
accomplished by building-up with — 

(a) Wood shims - 

(b) Cardboard shims. 

(c) Welding. 

(d) Metal shims. 

5. Proper opening of a WT door would require starting with the dog 
which is — 

(a) Opposite the hinges. 

(h) Nearest the hinges. 

(c) At each outside corner and work toward the center. 

(d) At the outside center and work around alternately toward 
hinges. 

6. A tight fit of a new lens in an airport cover is insured by the use of a — 

(a) Rubber gasket. 

(5) Cork covered retaining ring. 

(c) Caulking compound. 

(d) Putty. 

7. If new gasket material for an armored hatch is not available, it is 
best to— 

(a) Reverse the old gasket. 

(6) Leave old gasket as it is. 

(c) Remove old gasket and substitute white lead. 

(d) Remove gasket and cement hatch shut. 

8-. The simplest and quickest way to determine defects existing along a 
knife edge and gasket is by — 

(a) Visual inspection. 

(5) The air test. 

(c) The chalk test. 

(d) Sounding. 

552 




9. Visual inspections of all watertight boundaries of a ship are made at 
■■ least’ — ' ' 

(a) Semi-annually . 

(b) Annually. 

(c) Each 18 months. 

(d) Biennially. 

10. The best method of locating a leak during a compartment test is to 
apply— 

(a) A soap suds solution. 

(b) Prussian blue. 

(c) An open flame. 

(d) A test paste. 

11. Liquid contents of a compartment are determined by — 

(а) Flushing. 

(б) An air test. 

(c) A mercury gage. 

(d) Sounding. 

12. Drainage for compartments above the waterline is usually accom- 
plished by — 

(а) Eductors. 

(б) Gravity. 

(c) The main drainage system. 

(d) The secondary drainage system. 

13. A higher lift may be secured with a submersible type pump if — 

(a) A larger suction valve is installed. 

(b) An additional electrical current is supplied.. 

(c) Two or more pumps are placed in tandem. 

(d) The discharge port is enlarged. 

14. The system designed to supply ample salt water for fire fighting is 
called a — 

(a) Submersible pump system. 

(b) Tandem pump system. 

(c) Firemain. 

15. A ship’s ventilation system helps in preventing fires by — 

(а) Preventing explosive gas accumulation. 

(б) Creating a vacuum in case of explosion. 

(c) An incorporated spray system in ventilation 
blowers. 

(d) A thermostatically controlled no-draft system. 
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16. Air for compartment testing comes from the system known as— 

(a) High-pressure. 

(h) Low-pressure. 

(c) Gas-ejecting. 

(d) Atmospheric, 

!7, Doors, hatches, and valves- which must be left open during battle > 
are designated — 

(a) X fittings. 

(h) W fittings. 

(c) X and Y fittings. 
id) X, y, and Z fittings. 

18. Temporary repairs may be made on small holes in the under-w;. 
hull by use of — 

(a) Oakum. 

(h) A painted hardwood plug. 

(c) A soft, uiipainted wooden plug. 

(d) Shoring. 

19. When damaged members are braced so they stand excessive pressure 
it is called — 

(a) Sounding. 

(h) Wedging. 

(c) Shoring. 

20. The oxygen content of the air in a compartment may be checked with 
a — 

(а) Safety lamp. 

(б) Lxplosimeter. 

(c) Hydrocarbon vapor indicator. 

(d) Oxygen mask. 

21. A Class C electrical flame may be l)evSt extinguished by — 

(a) Steam smothering. 

(h) x\ solid .stream of water. 

(c) Carbon dioxide (€02) . 

(d) The sprinkling system. 

22. In order that folds are made in different places, a fire hose should 
be refaked — 

(a) Daily. 

(b) Weekly, 

(c) Monthly. 

id) Semi-annually. 


23. If the lever on an ail-purpose fire nozzle is in the rear position, the 
nozzle is — 

(а) Set for a solid stream of water. 

(б) Set for low velocity fog. . 

(c) Set for high velocity fog. 

(d) Shut-off. 

24. For thorough mixing, the minimum length of the hose on a continuous 
type foam generator should be at least — 

(a) 25 feet. 

(b) 50 feet. 

(c) 100 feet. 

(d) 200 feet. 

.-o/ ‘The proportioner of a high capacity fog-foam system will act as a 
water pump if the control valve position is — 

(a) “On.” 

(b) “Off.” 

(c) ‘‘Prime.” 

(d) “Foam.” 

26. A fire-fighting device carried on vessels where there is great danger of 
gasoline fires is the— 

(а) Sprinkling system. 

(б) Steam smothering system, 

(c) Straight-stream water system. 

(d) Fixed fog-spray installation. 

27. The lift of a P-500 portable pump may be increased to 50 feet or more 
by using — 

(а) A handy billy. 

(б) An eductor. 

(c) A tandem system. 

(d) A booster. 

28. The substance removed from exhaled air by the chemical in an 
oxygen-breathing unit is — 

(a) Oxygen. 

(b) Carbon. 

(c) Carbon monoxide. 

(d) Carbon dioxide. 

29. The most common air supply for an hose (air line) mask is the — 

(a) Oxygen bottle. 

(5) High-pressure compressed air system. 

(c) Low-pressure ship's service line. 

(d) Life line. 
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CHAPTER 1 5 


IRISH PENNANTS-TUCK ’EM IN! 


Irish pennants, odds and ends, ideas adrift — tuck 'em in! 
Yo\i've picked up a lot of knowledge, and you've done a lot of 
jobs. Now, get squared away and take a bearing on yourself. 
Just how much have you learned about the many duties and 
skills required of a Metalsmith? You know your job, and you 
know just how you and that job fit into your ship’s organiza- 
tion. You even have a pretty good idea of just where your ship 
fits into the Navy and the Military Establishment. You are 
familiar with the tools and equipment with which your work is 
done. You've explored some of the secrets of the material with 
which you work by heat-treating and testing. Annealing, 
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tempering, hardening, and forging are terms that mean some- 
thing. You know that everything doesn^t have to come from 
GSK—you can beat out a simple tool on the anvil if the tool 
isn’t available. You never have to worry about what you are 
going to do with your spare time for there’s always something 
that you can layout and form in the sheet metal shop. And 
you "won’t have any difficulties in joining pieces, whether by 
soldering, riveting, brazing, or welding. You could even work 
your way out of solitary if someone would slip you a cutting 
torch and a spark lighter. You’ve had so much practice in 
damage control and fire drills that you could take a day in 
combat as nonchalantly as a day in port. Yes, you’ve learned a 
lot, but there is still more to learn before you’ll be able to 
relieve your chief. You’ll need a lot of knowledge in order to 
do a good job if you happen to be the Metalsmith aboard some 
small ship or craft. One of the most important things you 
must know has to do with supplies and spare parts. 

SUPPLIES AND SPARE PARTS 

A man-of-war must carry at all times enough supplies and 
spare parts to insure efficient operation for extended periods of 
time without an outside source of supply. During times of 
emergency, such as the last war, ships were required to maintain 
a supply sufficient to last a period of at least six months. Stow- 
age space aboard ship is limited and it is of the utmost impor- 
tance to requisition all necessary material in amounts in propor- 
tion to the estimated needs. 

Requisitioning supplies and spare parts sufficient to last the 
required period of time is to some degree your responsibility. 
If your duty station is aboard one of the larger vessels, or on 
board a shore station, you’ll not be greatly concerned with the 
requisitioning of supplies. Aboard larger ships and on stations, 
the ordering of supplies will be taken care of by a chief or warrant 
officer. But, if you are the Metalsmith on a small ship, you’ll 
have to assist your division officer, or the head of your depart- 
ment, in requisitioning the supplies and spare parts you need 

You’ll use shop records and past experience as a guide to just 
how much material you’ll need. You wouldn’t order 500-feet 
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of |}^-iiicli angle bar- if past experience showed that you had 
not used that amount in the past year. Neither would you 
recommend to your division officer that he order only one sheet 
of 20-gage galvanized sheet metal„when past experience showed 
that you used many times that amoiiiit.in an average month’s 
worlc, llie requirements for a destroyer will be vastly different 
from tt'iose of a repair 'ship or tender. 

Don’t wait, until the last minute to start making up your 
order. It takes a bit of time for the supply officer to replenish 
your supply. This, fact must be taken into consideration or 
3 'oii 1 l find yourself .short of needed materia! in a time of 
geTH‘y, You can determine the amount of material you 
expend each month by averaging the amount used during the 
preceding six months. Set a minimum and a maximum amount 
of material to have on hand. When your stock reaches that 
minimum point, it is time to reorder to bring the stock pile'up, 
to the maximum. 

Small items will be stored below in the store rooms by the 
supply officer; but bulkier items, such as steel plate and angle 
bar, may have to be stowed topside in racks of your own design. 
The amount of space you have. available for stowage, as well as 
your estimated needs, will help determine the maximum 
amount of material that you can carry. You’ll have to remem- 
ber that the average amount of material used in the past is not 
always the rule to govern your order. Quite often you may 
have to order specific material in much larger quantities for a 
particular job. In that case, you’ll have to anticipate the need 
and estimate the material needed prior to the time you intend 
to start the job. Remember that, depending upon where your 
ship is located, it’ll take the supply office a week to two months 
to get the material it requisitions for you. So keep sharp and 
don’t get caught short. 

Spare parts are usually supplied by the manufacturer of the 
special tools and equipment in your shop. These spares consist 
of wearing parts that are likely to need replacements from time 
to time. For example, your welding machine has a spare-parts 
box which contains a spare armature, bearings, and various 
other parts* As these spares are used, you’ll have to order 
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additional replacements from the manufacturers through your 
supply officer to insure that in the event you are in an isolated 
region, far from a source of supply, you won't get caught with 
your welding machine out of service because you forgot to order 
one spare part . . 

Accounting for supplies and spare parts is a necessity in the 
Navy. The armature for your welding machine is a Series 
12000 (formerly Title B) item. Your division officer will be 
required to sign a custody card for it, like the one in figure 393. 
If you are aboard a small ship, you'll have to sign a similar card 
"’^bich your division officer will keep for his records. Aboard 
larger ships and stations, a first class, or chief, will sign the 
card, but you as the user are responsible for the care of that 
equipment. 


Binoculars, prismatic with filters, case and strap 




Figure 393.— -Custody card. 

The replacement of Series 12000 equipage isn’t handled in the 
same way that you’ll handle the replacement of expendable 
items such as rivets. Spare parts for your welding machine 
and other special tools and equipment are Series 12000 gear. 
To replace these parts, you’ll have to survey the part on a form 
like the one shown in figure 394. You may be required to fill 






out this form in the rough, or to furnish the information so that 
your division officer can make the survey and replace the part. 
An accurate account of all Series 12000 equipage is kept, and a 
periodic inventory is held. 



Figure 394.— Survey request, report and expenditure. 


You re probably wondering just where you can find out about 


the nonexpendable equipment that you are supposed to have. 
Your answer to that question is the allowance list. Long 
before the ship upon which you are serving was built, plans were 
drawn, blueprints were made, and an allowance list was inadf^ 
up. The mission or purpose which the ship was to aceomplisti 
determined just what those plans, blueprints, and allowan<*e 
lists included. When your ship was commissioned, everything 
listed in the allowance list Avas aboard. That list includes all 
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Figure 395. — Sample page from ollowance list for fleet repair ship. 
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equipage' and spare parts. . From, the allowance list for your ship, 
you can determine, then, just what you are supposed to have on 
hand and to what series it belongs; that is, whether it is equip- 
ment that is expendable or nonexpendable. Figure 395 is a 
sample page of an allowance list for a fleet repair ship. 

Stowage of supplies and spare parts is the next problem you’ll 
have after the material and spares you’ve ordered arrive on 
board. The supply officer will receive these materials and stow 
them in the hold of the ship, or he may turn them over to your 
division officer. If they are turned ove| to your division officer 
that’s where you come in. You’ll be hunting space for stowage 
in your shop or stowage bins. 

The supply officer maintains an account of all materials and 
supplies on board. When you need Series 13000 (formerly 
Title C) or expendable material such as rivets, you’ll have to 
make out a chit to draw the material from the store room. 
Figure 396 is a BuSandA 307 stub requisition properly filled 
out, numbered, and signed. 


Itovtiril July IM 

U. S. S. 


To Supply Ori icEu: Kixiuest following stores be delivered 
to besi'er for use in the DepartmoBt. 


Stub Eequisition No. ... 

10 January 


" ' ARTJCIJS 

Bj/ authority of Head of Department. 

' 

/ 


? ! 


JL 


l! ’ 

' x. 




■ 1 X 



,i , r 

■' ! \ 


X 

i ■ 1 

V J \ 




' X- 



• -ijX.... -1 


Received the above material. 


ive material. ^ 


SiOTtroiftn Kteptr. * ». 


.. 


Charged on ledger .. 
., U. S. N. Allotment chaiijed .. 


Figure 396. — Stub requisition. 


When you’ve made out your chit, had it signed by your 
division officer or department head, and numbered by the 
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supply office, you’ll then present it to the storeroom keeper 
who will issue the material to you. The responsibility for 
stowage in the shop is yours. Space available and ingenuity 
on your part will determine how shipshape your shop will be. 
Just as you wouldn’t order large quantities of material wffiich 
you seldom use, neither should you have an overabundance of 
the same sized rivets or welding rods taking up much needed 
space in the shop. Figure 397 is an improvised means for stow- 
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You call set up racks like those shoA.'n in figure^ 398 Yor 
)verhead and on the deck stowage of sheet metal and plate. 

OVERHEAD RACK 

ilv „ 11/4"ANGIE BAR 


'r 

6 " 

..L 



HOLDS 36"X96'' 
METAL SHEETS 


DECK PLATE RACK 


6" TO 1" 

brace taper 


,is 



1"ANGLE BAR 




Figure 398 .'— Stowage of sheet and piate. 


A point on stowage that can’t be overstressed is the stowage 
of acetylene and oxygen cylinders. Be sure that your acetylene 


tr 





bottles are stowed on end with the valve end up. Never allow 
them to lie on their side or the acetone will enter the valve and 
work into the regulator and hose, and finally into the weld, 
spoiling your joint. Oxygen bottles should be kept out of the 
direct rays of the sun in a cool dry place, away from any source 
of grease, oil, or other combustible material. All bottles con- 
taining gases should be stowed in suitable racks and secured at 
all times. Figure 399 is an example of a good Avay to secure 
your cylinders. 


You won’t spend many days around a metal shop before 
you’ll come in contact with a job order. Aboard repair ships 
and tenders, you’ll see this job order on paper. If you are on a 
destroyer, your job order will likely be a verbal order from your 
division officer or department head. Whether it’s verbal or 
written up on a job order form, it amounts to the same thing. 
A sample job order is shown in figure 400. 




MHIi— 10 Aug 44— 500. 



. To:.-.....-,- 

U. S. S. BENNINGTON 

Comply as Directed. 

SHIP’S FORCE JOB ORDER 


(Submit in Duplicate) 

Priority ‘‘A’’ “B" "C" 

From : ' 

Material Required: 

To ; Cliief Engineer. 


Request Following Ship’s Force Repairs 




Started ; 


.Accomplished by: 

Signed: 


U. S. Navy 

Completed and Inspecied — 

From: Chief Engineer. 


To : - - - w- 


Approved 


Disapproved 



Entered in Machinery Hi.story. 

C'oninianilci;. t7S.V 


Chid Ungincer 

Gy: 



Figure 400. — Job order. 


A job order contains certain specific information. The most 
important information given, so far as you are concerned, is the 
description of the work that you are to do. 

Priorities are assigned a job order to designate the importance 
or urgency of the work requested. The designation will vary 
with the activity concerned. Youll have to acquaint yourself 
with the system employed by your ship or station. The follow- 
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ing is typical of the priority system: The letter A designates 
work of an emergency nature, S designates important jobs 
that must be started as soon as possible, and C is assigned to 
work that is desirable but routine. Priority A is reserved for 
emergency jobs. They take precedence over all other work. 

B jobs must give way to priority ui jobs. The^^ are to be done 
during the regular working day. The activity making the 
request for work requests the priority desired for the work, but 
the final assignment or designation is made by the repair officer. 

As the Metalsmith on board a small ship, you’ll very likely be 
called upon to assist in making up work requests for repairs and 
alterations to be done by a tender, repair ship, or a naval ship 
yard. The important point to remember is this: state the 
exact nature of the work to be accomplished. Work requests 
will vary in different activities. The one that you use on your ^ 
ship may not be exactly like the one shown in the illustration , 
but the information shown will be very much the same. The 
work requests that you submit to a repair activity , either shore- 
based or afloat, must be a bigger job than the ship’s crew is 
trained or equipped to do for itself. Figure 401 shows a repair 
request. For further information regarding repairs, alterations, 
and work requests read Chapter 12, U. S. Navy Regulations. 

Records are kept and reports are made by the first class or chief 
aboard larger vessels. If you happen to be on one of the smaller 
ships, this duty may very easily be yours. Such records aid 
you in estimating the amount of material which you have used 
and will need when requisitioning replacements. They are 
also valuable as a record of the work performed, the amount of 
material expended on each job, and the number of man hours 
required to accomplish a given job. Figure 402 illustrates one 
of the several wa 3 ^s in which this record can be kept. 

From the record or shop log, you can estimate the amount of 
material you’ll need for future use by compiling the amount of 
material you have used in an average month, and multiplying 
that amount by the number of months for which you have to 
order. Bear in mind, though, the amount of stowage space 
that yon have available. In addition to having an aid for the 
purpose of estimation, you’ll also have a complete record of 
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U. S. S. Date ' Serial No. 

REPAIR REQUEST 

Urgent 

Desirable Bureau having cognizance 

(Cross out one) , 

Group name or designation of machinery unit, appliance, or part of ship: 


To: 


(Group name) 


1. The following condition requires navy-yard work: 


(Group number) 


2. Due to the above conditions, the following repairs are recommended: 


3. Ships force will assist as follows: 


4. Repair facilities of forces afloat have been investigated and they ?re unable to undertake this item 
for the following reasons: 


(Signed) 

U.S.N., Commanding 

NOTE, -In «f rnwlr . rend O.S.N. Iteeutatloiu, Ch. 51, arbi. tWO. ITO. nnd lim, Octoih! Orrtnr No, 66. and FImi 



Figure 401. — Repair request. 

the work you have performed if you keep your shop log up-to- 
date. Your log should include the date the job was started; 
completed, and the amount of time and material consumed in 
doing the job. There can’t be any argument when your shop 
log is kept up to date. You have it dovm in black and white. 
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SHOP TKKK & J. 0. LOQ 


J.O.# 

Dftto 

ReceiTed 

Originator 

Prior 

ity 

.Tolb Description 

Date 

Completed 

Man 

Hours 

BJatorial ■ 
Expended 



■ 

.3 , „ 

'^3 ■ 


S-7-fS 

^-7-^8 

4 

3. 



Figure 402. — Sampie shop work qnd job order (og. 

Hold a monthly inventory. Keep a close check on your stock 
pile. Don^t wait until you are out of an item before you decide 
to reorder. 

Making man-hour reports probably won’t be one of your 
duties until you make first class or chief, but if you are assigned 
to a repair ship, you’ll no doubt be seeing these reports around. 
The man-hour report accounts for the total amount of working 
hours available to the shop. This report may seem unnecessary 
to you, but for the Engineer Officer it’s necessary inf orma- 
tion. It will enable him to know how much time his men are 
spending on working parties, in sick bay, on on-the-job training, 
and on special liberty. As the petty officer in charge of the 
shop, you will know exactly what your men are doing at all 
times. But the head of the department, who may have as 
many as 250 men working under him, can’t keep himself in- 
formed as to the number of man hours available to him unless 
these reports are made and records kept. On the basis of these 
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reports and other records, he is able to back up his statements 
when discussing the availability of men for working parties for 
the supply department or other departments of the ship. These 
reports vary with the individual ship and department head. 
Records, reports, and paper work may seem unnecessary at 
times, but it’s well to remember that a well-organized efficient 
department can’t operate without some paper work. 

One of the pieces of paper work that can be avoided i- -p 
accident report. You know by now that if you or one c 
shipmates is injured in jmur shop, an investigation is reqi 
This investigation attempts to determine the cause of ;/ j 
accident in order that future accidents of the same or similar 
nature may be eliminated. If you are the individual involved, 
or if you are present when the accident occurs, you’ll probably 
be asked to make a statement. It’s a lot easier and you’ll be a 
lot happier if you do all in your power to prevent such occur- 
rences and the resulting paper work. 

PLAY IT SAFE 

Be careful — the life you save may be your own! Even if it’s 
only a finger or an eye that you save, it is well worth your time 
and trouble. Injuries run pretty high among metal workers, 
although most of them could be avoided. From boi. 
frequency and severity standpoint, finger accidents rank taio 
highest. Eye injuries rank next to finger injuries, and arm, 
hand, and head wounds occur less frequently. 

Grinders and buffers will usually account for the greatest 
number of injuries, with drills running a close second. Rcl’ :s 
and benders come in for a lion’s share of the accidents also. Of 
course, some of the most serious accidents happen* - '^"fre- 
quently, but you’ll be just as dead if you are killed by a freak 
accident. Hot soldering irons, live wires, molten slag, and hot 
metal are all danger signals, even if they aren’t hot enough to 
be red. It would be impossible to list in one chapter all of the 
safety precautions that you need to remember and observe. 
And it would be just as impracticable for you to memor* ^ 
if you didn’t use some good common sense and put them into 
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practice in your daily routine. There are a few good generaliza- 
tions that you can rememberi and that you^II need to be remind- 
ing your men about when you are leading petty officer, or in 
charge of your own metal shop. ; . 

1, Keep your mind on your job. 

2. Keep your working spaces shipshape, even if you arenT 
expecting andnspection. 

Secure all tools in their proper places. 

. Never go away and leave an electric tool or machine 
— running or with the juice on, even for a few minutes. 

5. Don’t attempt to adjust, oil, or clean a machine while it 
is in motion. 

6. Wear the proper protective clothing for the job you are 
doing, even if it is but a small job. 

’ 7. Wear close fitting clothing. Avoid loose sleeves, and other 
loose ends. Kings are also dangerous. 

8. Make sure that all guards are in place on the machine you 
are about to use. 

9. Don’t switch parts on machines and don’t experiment 
with over-capacity jobs. 

10. Use a brush or hook to remove shavings. Don’t use your 
rhands. 

'M'. Don’t allow oxygen to come in contact with oil and grease. 

12. Keep sparks, flames, and heat away from acetylene. 

13. Don’t use faulty equipment or makeshift tools. 

14. Don’t make a cut with a cutting torch until you know 
what is on the other side of the metal you are about to cut . 
Keep a man with a fire extinguisher close by. 

io. fvnx^n you are brazing, or silver soldering, be sure you are 
getting plenty of fresh air. Zinc fumes are poisonous. 

16. Locate the fire extinguishers in your shop. It’s too late 
to learn their whereabouts after the fire has started. 

Make a point of knowing just a little more than is required of 
' And be consistent about putting that knowledge into 
practice. Take no chances ; play it safe, d ^ ^ 
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reports and other records, he is able to back iip his statements 
when discussing the availability of men for working parties for 
the supply department or other departments of the ship. These 
reports vary with the , individual ship and department head. 
Records, reports, and paper work may seem unnecessary : at 
times, but it’s well to remember that a well-organized efficient 
department can’t operate without some paper work. 

One of the pieces of paper work that can be avoided i- 
accident report. You know by now that if you or one r 
shipmates is injured in your shop, an investigation is reqi 
This investigation attempts to determine the cause of r 
accident in order that future accidents of the same or similar 
nature may be eliminated. If you are the individual involved, 
or if you are present when the accident occurs, you’ll probably 
be asked to make a statement. It’s a lot easier and you’ll be a 
lot happier if you do all in your power to prevent such occur- 
rences and the resulting paper work. 

PLAY IT SAFE 

Be careful — the life you save may be your own! Even if it’s 
only a finger or an eye that you save, it is well worth your time 
and trouble. Injuries run pretty high among metal workers, 
although most of them could be avoided. From boi 
frequency and severity standpoint, finger accidents rank voo 
highest. Eye injuries rank next to finger injuries, and arm, 
hand, and head wounds occur less frequently. 

Grinders and buffers will usually account for the greatest 
number of injuries, with drills running a close second. RcT .3 
and benders come in for a lion’s share of the accidents also. Of 
course, some of the most serious accidents happe^‘ - ‘^’xre- 
quently, but you’ll be just as dead if you are killed by a freak 
accident. Hot soldering irop^s, live wires, molten slag, and hot 
metal are all danger signals, even if they aren’t hot enough to 
be red. It would be impossible to list in one chapter all of the 
safety precautions that you need to remember and observe. 
And it would be just as impracticable for you to memor* ' -"m 
if you didn’t use some good common sense and put them into 
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practice in your daily routine. There are a few good generali 2 ;a“ 
tions that you can remember, and that you’ll need to be remind- 
ing your men about when you are leading petty officer, or in 
charge of, your own metal shop. 

1. Keep your mind on your job. 

2. Keep your working spaces shipshape, even if you aren’t 
expecting an inspection. 

Secure all tools in their proper places. 

, Never go away and leave an electric tool or machine 
running or with the juice on, even for a few minutes. 

5. Don’t attempt to adjust, oil, or clean a machine while it 
is in motion. 

G. Wear the proper protective clothing for the job you are 
doing, even if it is but a small job. 

* 7. Wear close fitting clothing. Avoid loose sleeves, and other 
loose ends. Rings are also dangerous. 

8. Make sure that all guards are in place on the machine you 
are about to use. 

9. Don’t switch parts on machines and don’t experiment 
with over-capacity jobs. 

10. Use a brush or hook to remove shavings. Don’t use your 
•hands, 

' . Don’t allon' oxygen to come in contact with oil and grease. 

12. Keep sparks, flames, and heat away from acetylene. 

13. Don’t use faulty equipment or makeshift tools. 

14. Don’t make a cut with a cutting torch until you know 
what is on the other side of the metal you are about to cut. 
Kpep a man with a fire extinguisher close by. 

io, you are brazing, or silver soldering, bej|p|^^u are 

gettin g ple nty of fresh air. Zinc fumes a?»fraisonous. 

in your shop. It’s too late 
to learn their v^hereabouts after the fire has started. 

Make a point of knowing just a little more than is required of 
‘ ind be consistent about putting that knowledge into 
practice. Take no chances; play it safe. 
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QUIZ 


Select the one best answer to each of .the following statements. 

L The responsibility for the care of equipment signed for on an equipage 
custody record is that of the — 

(a) Person signing the record. 

(b) User of the equipment. 

(c) Division officer. 

(d) Supply officer. 

2. The replacement of non-expendable equipment, such as a special 
' tool, requires— 

(а) Repair request. 

(б) Job order. 

(c) Periodic inventory. 

(d) Request for survey. 

3. The record to check to find out the required equipment which a 
Metalsmith should have, is the — 

(а) Allowance list. 

(б) Equipment custody record. 

(c) Job order log. 

(d) Chit. 

4. To draw expendable materials, the Metalsmith will make out 

(а) An equipment custody record. 

. ' b) A request for survey . 

A chit. 

(d) A job order. 

5. The responsibility of stowage in the metal ffiop is that of the — 

(б) Division Officer . 

(c) Storekeeper. 

(d) Metalsmith. 



If defects appear in a weld as a result of excess acetone, it may indi- 
cate that the — 

(a) Acetylene cylinder has been stowed improperly, 
been prn^y mixed. 


(d) Gto‘'-a,V^s i to 1. 

If the improper stowage brings oxygen 
would be — 


iixfe'nThot en^ 

-'b. ehn'j' 


(a) An improper mixing ratio when used for continuous welding. 
{h) An oxidizing torch flame. 

(c) An explosioB. 

(d) An unsuitable gas for welding. 
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8. If a job order calls for priority A”, the work is— 

(a) To be started as soon as possible. 

(b) Of an emergency nature, requiring immediate action, 

(c) Routine. 

(d) To be accomplished after priority 

9. A Metalsmith’s future material estimates will probably be deter- 
mined — 

(a) On a previous average monthly consumption. 

(5) By the size of stowage space. 

(c) On previous monthly averages plus 25%. 


APPENDIX I 

ANSWER TO QUIZZES 

CHAPTER 1 

THE METALSMITH’S WORK 


CHAPTER 2 

TOOLS AND EQUIPMENT 

16. (b) 

17. (d) 

18. (a) 

19. (c) 

20. (d) 

21. (a) 

22. (b) 

23. (a) 

'Locate the fire e 

-12. (b) 27. (c) 

13. (b) 28. (a) 

14. (a) 29. (c) 

15. (d) 


ouie V" 
.e poip-'- ■ 


1. (d) 

2. (a) 

3. (6) 


1. (c) 

2. (a) 

3. (c) 

4. (d) 
6. (d) 

6. (c) 

7. (d) 

8. (b) 


S48341 0— 51^— 37 
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CHAPTER 3 
MATERIALS 


1. (6) 17. (a) 33. in) 

2. id) 18. (c) 34. (a) 

3. (a) 19. {d) 35. (/) 

4. (c) 20. (6) 36. (7/1) 

5. (o) 21. (a) 37. (1) 

6. (c) 22. (c) 38. (g) 

7. (d) 23. (6) 39. (A) 

8. (A) 24. (<1) 40. (i) 

9. (o) 25. (c) 41. id) 

10. (c) 26. (a) 42. (e) 

11. (6) 27. (6) 43. (i) 

12. (d) 28. (d) 

13. (c) 29. (c) 

14. (d) 30. (a) 

15. (6) 31. (6) 

16. (6) 32. (d) 


CHAPTER 4 

HEAT-TREATMENT OF METALS 


1. 

id) 

16. 

lb) 

2. 

(c) 

17. 

Ic) 

3. 

(6) 

18. 

la) 

4. 

{a) 

19. 

Ic) 

5. 

{a) 

20. 

la) 

6. 

(c) 

21. 

Id) 

7. 

(a) 

22. 

ib) 

8 . 

(6) 

23. 

la) 

9. 

(d) 

24. 

Ic) 

10. 

(d) 

25. 

Id) 

11. 

(6) 

26. 

lb) 

12. 

la) 

27. 

la) 

13. 

Id) 

28. 

Id) 

14, 

lb) 

29. 

Ic) 

15. 

la) 

30. 

lb) 
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CHAPTER 5 
METAL TESTS 


1. Color, appearance, chip, 
spark, torch. 

2. Spark stream, color, sparks, 

3. Carbon. 

4. Four (4). 

5. Rate, appearance. 

6. Dull red. 

7. Medium. 

8. Sparking. 

9. Light, high, heavy, low. 

10. Speed, pressure. 

11. Soft. 

12. Inaccuracy. 

13. 32,000. 

II. Neck, elongate. 

15. Tensile. 

16. 180. 

17. Fatigue. 

18. (d) 

19. (c) 

20. (a) 

21. (c) 

22 . ( 6 ) 
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CHAPTER 6 

SOLDERING WITH SOFT SOLDERS 


L 

(b) 

21. 

(o) 

31. 

id) 

2, 

ib) 

22. 

ic) 

'32. 

ib) 

3. 

id) 

23. 

ib) 

33, 

ib) 

4. 

ic) 

24. 

id) 

34. 

if) 

6. 

id) 

25. 

ia) 

35. 

(o-c) 

6. 

ib) 

26. 

Melting point. 

36. 

ib-e) 

7. 

id) 

27. 

Forward-backward 

37. 

(o-c) 

8. 

(a) 

28. 

Finished. 

38. 

ib) 

9. 

(d) 

29. 

Bead. 

39. 

if) 

10. 

ib) 

30. 

Rust-corrosion. 




11. (d) 

12 . ( 0 ) 

13. (b) 

14. (b) 

15. (c) 

16. id) 

17. (c) 

18. (c) 

19. (b) 

20. id) 

CHAPTER 7 

BRAZING AND RELATED JOINING METHODS 

1. (e) 18. (o) 

2. (c) 19. id) 

3. (c) 20. (a) 

4. (b) 21. (d) 

6. (c) 22. (a) 

6. (d) 23. id) 

7. (a) 24. ic) 

8. (c) 25. (6) 

9. (d) 26. id) 

10. (b) 27. (a) 

11. id) 28. (d) 

12. (b) 29. (c) 

13. id) 30. (6) 

14. (o) 31. id) 

15. id) 32. (6) 

16. (c) 33. (d) 

17. (b) 34. (c) 




CHAPTER 8 

OXYACETYLENE WELDING 


1. 

(C) 

18. 

(a) 


2. 

(a) 

19. 

W 


3. 

(a) 

20. 

(h) 


4. 

(a) 

21. 

(g) 


5. 

(b) 

22. 

(d) 


6. 

(6) 

23. 

(a) 


7. 

(c) 

24. 

Step 1 

U) 

8 . 

(d) 

25. 

Step 2 

(s) 

9. 

(a) 

26. 

Step 3 

(a) 

10. 

(c) 

27. 

Step 4 

(b) 

11. 

(b) 

28. 

Step 5 

(i) 

12. 

(d) 

29. 

Step 6 

(c) 

13. 

(6) 

30. 

Step 7 

(ft) 

14. 

(c) 

31. 

Step 8 

(d) 

15. 

(/) 

32. 

Step 9 

(/) 

16. 

(6) 

33. 

Step 10 (e) 

17. 

(d) 





CHAPTER 9 
ARC WELDING 


1. 

(d) 

12. 

(e) 

2. 

(a) 

13. 

W 

3. 

(c) 

14. 

(dl 

4. 

(b) 

15 

(fl 

5. 

(d) 

16. 

(b) 

6. 

(b) 

17. 

(9) 

7. 

(a) 

18. 

(0 

8. 

(c) 

19. 

(to'' 

9. 

(a) 

20. 

(/) 

10, 

(d) 

21. 

(fc) 

11. 

(b) 

22. 
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Case hardening, including safety precautions to be 
observed in using cyanide and proper steps in its 
application. Uses of case hardening 
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XXX.300 NOBMAL PATH OF ADTANCEMENT TO WARRANT GRADE 

Metalsmit^^ to Warrant CARPENTER 7741 (Ship Repair Technician), broadening their knowledge 

and training to include functions of the pipe fitter and damage controlman ratings and knowledge of 
ship salvage and diving operations. Carpenters 7741 act as Assistant Engineering or Repair Officersj 
Assistant First Lieutenants, Assistant Damage Control Officers, and Assistant Construction Officers (CB). 
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